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ELECTROLYTIC SOLUTIONS AND BATTERY

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application JP 2007-216866 filed in the Japanese Patent
Office on Aug. 23, 2007, Japanese Patent Application JP
2007-219914 filed in the Japanese Patent Office on Aug. 27,
2007, and Japanese Patent Application JP 2007-219915 filed
in the Japanese Patent Office on Aug. 27, 2007, the entire
contents of which are being incorporated herein by reference.

BACKGROUND

The present disclosure relates to an electrolytic solution
including a solvent, and a battery using the electrolytic solu-
tion.

Inrecentyears, portable electronic devices such as camera-
integrated VIRs (videotape recorders), cellular phones, or
laptop computers are widely used, and size and weight reduc-
tion in the portable electronic devices and an increase in
longevity of the portable electronic devices have been
strongly demanded. Accordingly, as power sources for the
portable electronic devices, the development of batteries, spe-
cifically lightweight secondary batteries capable of obtaining
a high energy density have been promoted.

Among them, a secondary battery (a so-called lithium-ion
secondary battery) using insertion and extraction of lithium
for charge-discharge reaction, a secondary battery (so-called
lithium metal secondary battery) using precipitation and dis-
solution of lithium, or the like holds great promise, because
the secondary batteries are capable of obtaining a large
energy density, compared to a lead-acid battery or a nickel-
cadmium battery.

As an electrolytic solution for the secondary batteries, a
combination of a carbonate-based solvent such as propylene
carbonate or diethyl carbonate and an electrolyte salt such as
lithium hexafluorophosphate is widely used (for example,
refer to Japanese Patent No. 3294400). It is because the com-
bination has high conductivity, and its potential is stable.

In addition, regarding the composition of an electrolytic
solution, to improve cycle characteristics, storage character-
istics and the like, techniques of including various sulfone
compounds in an electrolytic solution have been proposed. As
the sulfone compounds, a compound having a sulfonyl fluo-
ride type structure (for example, refer to Japanese Unexam-
ined Patent Application Publication Nos. 2002-359001,
2006-049112, 2006-049152 and 2006-294519), disulfonic
anhydrides (for example, refer to Japanese Unexamined
Patent Application Publication Nos. 2004-022336 and 2006-
344391 and Japanese Patent No. 3760539), disulfonate
derivatives (for example, refer to Japanese Unexamined
Patent Application Publication Nos. 2000-133304, 2006-
3513337 and 2007-080620) and the like are used.

In recent years, as portable electronic devices have higher
performance and more functions, the power consumption of
the portable electronic devices tends to increase. Accord-
ingly, secondary batteries used in the portable electronic
devices are frequently charged and discharged, thereby the
cycle characteristics of the secondary batteries easily decline.
Moreover, the portable electronic devices are widely used in
various fields, and there is a possibility that the secondary
batteries are exposed to a high-temperature atmosphere dur-
ing transport, in use or during carrying, so the storage char-
acteristics of the secondary batteries also decline easily. Fur-
ther, in the case where a secondary battery includes a film-
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2

shaped package member, when the secondary battery is
exposed to a high-temperature atmosphere, the secondary
battery is easily swelled, so swelling characteristics are also
important. Therefore, further improvement in battery charac-
teristics such as cycle characteristics, storage characteristics
and swelling characteristics of the secondary batteries is
desired.

In view of the foregoing, it is desirable to provide an
electrolytic solution and a battery which are capable of
improving battery characteristics.

SUMMARY

According to an embodiment, there is provided a first elec-
trolytic solution including: a solvent including a sulfone com-
pound represented by Chemical Formula 1.

Chemical Formula 1

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to a carbon atom in R1, z
is an integer of 2 or more, and in the case where R1 is a
straight-chain alkylene group or a halogenated alkylene
group, the number of carbon atoms is 2 or less.

According to an embodiment, there is provided a first sec-
ondary battery including a cathode, an anode and an electro-
Iytic solution, in which the electrolytic solution includes a
sulfone compound represented by Chemical Formula 2.

Chemical Formula 2

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to a carbon atom in R1, z
is an integer of 2 or more, and in the case where R1 is a
straight-chain alkylene group or a halogenated alkylene
group, the number of carbon atoms is 2 or less.

According to an embodiment, there is provided a second
electrolytic solution including: a solvent including a sulfone
compound represented by Chemical Formula 3 and at least
one kind selected from the group consisting of a chain car-
bonate represented by Chemical Formula 4 which includes a
halogen and a cyclic carbonate represented by Chemical For-

mula 5 which includes a halogen.
Chemical Formula 3
I
R1 ﬁ—F
(6]

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to acarbon atominR1, and
7 is an integer of 2 or more.
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Chemical Formula 4
I|{13 I|{14
RlZ—T—O—Cl—O—T—RIS
R11 (0] R16

where R11, R12, R13, R14, R15 and R16 each represent a
hydrogen group, a halogen group, an alkyl group or a halo-
genated alkyl group, and at least one of them is a halogen
group or a halogenated alkyl group.

Chemical Formula 5

where R21, R22, R23 and R24 each represent a hydrogen
group, a halogen group, an alkyl group or a halogenated alkyl
group, and at least one of them is a halogen group or a
halogenated alkyl group.

According to an embodiment, there is provided a second
secondary battery including a cathode, an anode and an elec-
trolytic solution, in which the electrolytic solution includes a
solvent including a sulfone compound represented by Chemi-
cal Formula 6 and at least one kind selected from the group
consisting of a chain carbonate represented by Chemical For-
mula 7 which includes a halogen and a cyclic carbonate
represented by Chemical Formula 8 which includes a halo-
gen.

Chemical Formula 6

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to acarbonatominR1, and
7 is an integer of 2 or more.

Chemical Formula 7

I|{13 I|{14
RlZ—T—O—ﬁ—O—T—RIS
R11 (6] R16

where R11, R12, R13, R14, R15 and R16 each represent a
hydrogen group, a halogen group, an alkyl group or a halo-
genated alkyl group, and at least one of them is a halogen
group or a halogenated alkyl group.

10

15

20

25

30

35

40

45

50

55

60

65

Chemical Formula 8

where R21, R22, R23 and R24 each represent a hydrogen
group, a halogen group, an alkyl group or a halogenated alkyl
group, and at least one of them is a halogen group or a
halogenated alkyl group.

According to an embodiment, there is provided a third
electrolytic solution including: a solvent including a sulfone
compound represented by Chemical Formula 9.

Chemical Formula 9
F\ S P R1

I\

O O

where R1 is a chain group including a carbon-carbon unsat-
urated bond or a derivative thereof.

According to an embodiment, there is provided a third
secondary battery including a cathode, an anode and an elec-
trolytic solution, in which the electrolytic solution includes a
solvent including a sulfone compound represented by Chemi-
cal Formula 10.

Chemical Formula 10
F\ g P R1

I\

O O

where R1 is a chain group including a carbon-carbon unsat-
urated bond or a derivative thereof.

In the first electrolytic solution according to the embodi-
ment, the solvent includes the sulfone compound represented
by Chemical Formula 1. Therefore, compared to the case
where the sulfone compound is not included, or the case
where another sulfone compound is included, the chemical
stability is improved. Thereby, in the first secondary battery
according to the embodiment, the decomposition reaction of
the electrolytic solution is prevented, so cycle characteristics
and storage characteristics are able to be improved.

In the second electrolytic solution according to the
embodiment, the solvent includes the sulfone compound rep-
resented by Chemical Formula 3 and at least one kind selected
from the group consisting of the chain carbonate represented
by Chemical Formula 4 which includes a halogen and the
cyclic carbonate represented by Chemical Formula 5 which
includes a halogen, so compared to the case where neither of
them is included, or the case where only one of them is
included, the chemical stability is improved. Thereby, in the
second secondary battery according to the embodiment, the
decomposition reaction of the electrolytic solution is pre-
vented, so battery characteristics such as cycle characteris-
tics, storage characteristics and swelling characteristics are
able to be improved.

In the third electrolytic solution according to the embodi-
ment, the solvent includes the sulfone compound represented
by Chemical Formula 9, so compared to the case where the
sulfone compound is not included, or the case where another
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sulfone compound is included, the chemical stability is
improved. Thereby, in the third secondary battery according
to the embodiment, the decomposition reaction of the elec-
trolytic solution is prevented, so cycle characteristics are able
to be improved.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a sectional view showing the configuration of a
first secondary battery using an electrolytic solution accord-
ing to an embodiment;

FIG. 2 is a partially enlarged sectional view of a spirally
wound electrode body shown in FIG. 1;

FIG. 3 is an exploded perspective view of a fourth second-
ary battery using the electrolytic solution according to the
embodiment; and

FIG. 4 is a sectional view showing a spirally wound elec-
trode body taken along a line IV-IV of FIG. 3.

DETAILED DESCRIPTION

Embodiments will be described in detail below referring to
the accompanying drawings.

First Embodiment

An electrolytic solution according to a first embodiment is
used in, for example, an electrochemical device such as a
secondary battery, and includes a solvent and an electrolyte
salt dissolved in the solvent.

The solvent includes one kind or two or more kinds of
sulfone compounds represented by Chemical Formula 11. It
is because the chemical stability of the electrolytic solution is
improved. The sulfone compound represented by Chemical
Formula 11 has a sulfonyl fluoride type structure in which a
sulfonyl group (—SO,—) and a fluorine group (—F) are
bonded together.

Chemical Formula 11

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to a carbon atom in R1, z
is an integer of 2 or more, and in the case where R1 is a
straight-chain alkylene group or a halogenated alkylene
group, the number of carbon atoms is 2 or less.

R1 in Chemical Formula 11 is a group having a carbon
chain or a carbon ring as a basic skeleton, and in the basic
skeleton, one kind or two or more kinds of elements selected
from the group consisting of hydrogen, oxygen and halogens
may be included in any form. The carbon chain may be a
straight chain or a branched chain having 1 or 2 or more side
chains.

The above-described “form” means the number of ele-
ments, a combination of elements and the like, and they are
freely settable. More specifically, as a form of hydrogen, for
example, a part of an alkylene group or an arylene group is
cited. As a form of oxygen, for example, an ether bond
(—O—) or the like is cited. As a form of halogens, for
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example, a part of a halogenated alkylene group or the like is
cited. The kind of halogen is not specifically limited, but
fluorine is preferable among halogens, because compared to
other halogens, the chemical stability of the electrolytic solu-
tion is improved. In the above-described form of halogens, a
halogen is substituted for hydrogen in R1. In this case, the
halogen may be substituted for a part of hydrogen, or all of
hydrogen. The forms of hydrogen, oxygen and halogens may
be any form other than the above-described forms.

As long as R1 has the above-described structure, R1 may
be any group. However, a sulfur atom in a number z of
sulfonyl groups is not bonded to an atom (for example, an
oxygen atom) except for a carbon atom in R1, and the sulfur
atom is necessarily bonded to a carbon atom. Moreover, in the
case where R1 is a straight-chain alkylene group or a haloge-
nated alkylene group, the number of carbon atoms is limited
to 2 or less (that is, 1 or 2). It is because compared to the case
where the number of carbon atoms is 3 or more, the chemical
stability of the electrolytic solution is improved, and superior
compatibility is obtained. The “halogenated alkylene group”
is a group obtained by substituting a halogen for at least a part
of hydrogen in an alkylene group.

R1 may be a derivative of a group obtained by the above-
described forms, and in this case, any other elements except
for hydrogen, oxygen and halogens may be included as a
constituent element. The “derivative” means a group obtained
by introducing one or two or more substituent groups into the
above-described groups, and the kinds of the substituent
groups are freely settable.

As long as the sulfone compound has a structure corre-
sponding to the structure shown in Chemical Formula 11, the
sulfone compound may have any structure as a whole. How-
ever, a compound represented by Chemical Formula 12 is
preferable, because the number z (the number of sulfonyl
fluoride parts) is reduced, so in the electrolytic solution, high
chemical stability is obtained, and superior compatibility is
obtained. The compound represented by Chemical Formula
12 is a compound in which z in Chemical Formula 11 is z=2,
and R1 is a divalent group.

Chemical Formula 12

where R2 represents a divalent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to a carbon atominR2, and
in the case where R2 is a straight-chain alkylene group or a
halogenated alkylene group, the number of carbon atoms is 2
or less.

Examples of R2 which is a divalent group include a
straight-chain or branched alkylene group, an arylene group,
a group in which an arylene group and an alkylene group are
bonded together, a group in which an alkylene group and an
ether bond are bonded together, a halogenated group thereof,
and the like. A “divalent group including an arylene group and
an alkylene group” may be a group in which one arylene
group and one alkylene group are bonded together, or a group
in which two alkylene groups are bonded through one arylene
group. The “group in which an alkylene group and an ether
bond are bonded together” means a group in which two alky-
lene groups are bonded through one ether bond. The “halo-
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genated group thereof” means a group obtained by substitut-
ing a halogen for at least a part of hydrogen in the above-
described alkylene group or the like. The above-described
number or the bonding order of the alkylene groups, the
arylene groups or the ether bonds is freely settable. R2 may be
any group other than the above-described groups.

In the case where R2 is a branched alkylene group, the
number of carbon atoms is freely settable. However, the num-
ber of carbon atoms is preferably within a range from 2 to 10
both inclusive, more preferably within a range from 2 to 6
both inclusive, and more preferably within a range from 2 to
4 both inclusive. Moreover, in the case where R2 is a group in
which an arylene group and an alkylene group are bonded
together, a group in which two alkylene groups are bonded
through one arylene group is preferable. The number of car-
bon atoms in this case is freely settable, but the number of
carbon atoms is preferably 8. It is because in any of the cases,
in the electrolytic solution, high chemical stability is
obtained, and superior compatibility is obtained.

In the case where R2 is a group in which an alkylene group
and an ether bond are bonded together, the number of carbon
atoms are freely settable, but the number of carbon atoms is
preferably within a range from 2 to 12 both inclusive, more
preferably within a range from 4 to 12 both inclusive. In this
case, in particular, R2 is preferably a group represented by
—CH,—CH,—0O—CH,—CH,),—, and n is more prefer-
ably within a range from 1 to 3 both inclusive. It is because in
the electrolytic solution, high chemical stability is obtained,
and superior compatibility is obtained.

Specific examples of R2 include straight-chain alkylene
groups (with two or less carbon atoms) represented by
Chemical Formulas 13(1) and 13(2), branched alkylene
groups represented by Chemical Formulas 14(1) to 14(9),
arylene groups represented by Chemical Formulas 15(1) to
15(3), groups in which an arylene group and an alkylene
group are bonded together represented by Chemical Formu-
las 16(1) to 16(3), and groups in which an alkylene group and
an ether bond are bonded together represented by Chemical
Formulas 17(1) to 17(13). In addition, as groups obtained by
halogenating the above-described groups, as shown in
Chemical Formulas 18(1) to 18(9), groups obtained by halo-
genating groups in which an alkylene group and an ether bond
are bonded together are cited. In addition to the groups in
which an alkylene group and an ether bond are bonded
together, any other alkylene group or the like may be haloge-
nated.

Chemical Formula 13
—CH,—  —tCHy—
@€ @
Chemical Formula 14
THs GoHs Gy C4Hy CsHy,
CHZ_ CHZ_ CHZ_ CHZ_ CHZ_
@® @ &) @) ®)
(|2H3 CHj; (|2H3
CgHyz TH —_— CH— CH—
|
?H— THZ (THZ)Z <|CH2>3
CHZ_ CHZ_ CHZ_ CHZ_

©6) @] ()] ®
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Chemical Formula 15

?

-continued
3)

@® @
Chemical Formula 16
CHZ_ CHZ_
# CH2 —
CH,—

M @ &)
Chemical Formula 17
—CH,~€0—CH 35—
M @
—CH~t+0—CH¥5— ——CH~—t0—CH3—
3) Q)
—CH,—~0—CH 35—
®)
_CHZ_CHZ_O_CHZ_CHZ_
)
—CH—CH,—t0—CH,—CH5—
M
—CH—CH,—t0—CH,—CH¥5—
®
—CH,—CH,—0—CH,—CH,3.—
®
—CH—CH,—t0—CH,—CH¥7—
(10)
_CHZ_CHZ_CHZ_O_CHZ_CHZ_CHZ_
an
_CHZ_CHZ_CHZ_tO_CHZ_CHZ_CHzﬁZ_
12)
——CH,—CH,—CH,—0—CH,—CH,—CH, 35—
13)

CH,—

CH2 —

—CH,—0—CH,—

Chemical Formula 18
—CF,—t0—CF97—
@® @
—CF,—t0—CF95—
©)
—CF,—CF,—O0—CF,—CF,—
@
—CF,—CF,—t0—CF,—CF)5—
®
——CFh—CF,—tO0—CF,—CFhy5—
©)
—CH,—CF,—O0—CF,—CH,—
O
—CH,—CF,—0—CF,—CF,—0—CF,—CH,—
®

—CF,—0—CF,—



US 9,153,836 B2

9

-continued
——CH,—CF,—t 0— CF,—CFy 95— 0—CF,—CH,—
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Specific examples of the compound represented by Chemi-
cal Formula 11 include compounds represented by Chemical
Formulas 19(1) to 19(5). It is because in the electrolytic
solution, high chemical stability is obtained, and superior
solubility is obtained. For confirmation, R1 in Chemical For-
mula 11 is a straight-chain alkylene group in Chemical For-
mulas 19(1) and 19(2), a straight-chain fluorinated alkylene
group in Chemical Formulas 19(3) and 19(4), and an arylene
group in Chemical Formula 19(5).

Chemical Formula 19

ANt N AT

S
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Only one kind or a mixture of a plurality of kinds selected
from the compounds described as the compound represented
by Chemical Formula 11 may be used. As long as the com-
pound has the structure shown in Chemical Formula 11, the
compound is not limited to the compounds represented by
Chemical Formulas 12 and 19.

The content of the sulfone compound represented by
Chemical Formula 11 in the solvent is freely settable. How-
ever, the content is preferably within a range from 0.01 wt %
to 10 wt % both inclusive. It is becausc in the electrolytic
solution, high chemical stability is obtained. More specifi-
cally, when the content is smaller than 0.01 wt %, there is a
possibility that the chemical stability of the electrolytic solu-
tion is not obtained sufficiently and stably, and when the
content is larger than 10 wt %, there is a possibility that main
electrical performance of an electrochemical device (for
example, capacity characteristics or the like in a secondary
battery) is not obtained sufficiently.

The solvent preferably includes one kind or two or more
kinds of nonaqueous solvents such as other organic solvents
together with the sulfone compound represented by Chemical
Formula 11. Examples of the nonaqueous solvent include
ethylene carbonate, propylene carbonate, butylene carbonate,
dimethyl carbonate, diethyl carbonate, ethyl methyl carbon-
ate, methyl propyl carbonate, y-butyrolactone, y-valerolac-
tone, 1,2-dimethoxyethane, tetrahydrofuran, 2-methyltet-
rahydrofuran, tetrahydropyran, 1,3-dioxolane, 4-methyl-1,3-
dioxolane, 1,3-dioxane, 1,4-dioxane, methyl acetate, ethyl
acetate, methyl propionate, ethyl propionate, methyl
butyrate, methyl isobutyrate, methyl trimethylacetate, ethyl
trimethylacetate, acetonitrile, glutaronitrile, adiponitrile,
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methoxyacetonitrile, 3-methoxypropionitrile, N,N-dimeth-
ylformamide, N-methylpyrrolidinone, N-methyloxazolidi-
none, N,N'-dimethyl imidazolidinone, nitromethane, nitroet-
hane, sulfolane, trimethyl phosphate, dimethyl sulfoxide,
dimethyl sulfoxide phosphate and the like. Among them, at
least one kind selected from the group consisting of ethylene
carbonate, propylene carbonate, dimethyl carbonate, diethyl
carbonate and ethyl methyl carbonate is preferable, and a
combination of a high-viscosity (high-permittivity) solvent
(for example, relative permittivity €=30) such as ethylene
carbonate or propylene carbonate and a low-viscosity solvent
(forexample, viscosity=1 mPa-s) such as dimethyl carbonate,
ethyl methyl carbonate or diethyl carbonate is more prefer-
able. It is because the dissociation property of the electrolyte
salt and ion mobility are improved.

Moreover, the solvent may include a cyclic carbonate
including an unsaturated bond, because the chemical stability
of the electrolytic solution is further improved. Examples of
the cyclic carbonate including an unsaturated bond include a
vinylene carbonate-based compound, a vinyl ethylene car-
bonate-based compound and a methylene ethylene carbon-
ate-based compound and the like.

Examples of the vinylene carbonate-based compound
include vinylene carbonate (1,3-dioxol-2-one), methyl
vinylene carbonate (4-methyl-1,3-dioxol-2-one), ethyl
vinylene carbonate (4-ethyl-1,3-dioxol-2-one), 4,5-dim-
ethyl-1,3-dioxol-2-one,  4,5-diethyl  -1,3-dioxol-2-one,
4-fluoro-1,3-dioxol-2-one, 4-triftuoromethyl-1,3-dioxol-2-
one and the like.

Examples of the vinyl ethylene carbonate-based com-
pound include vinyl ethylene carbonate (4-vinyl-1,3-diox-
olane-2-one), 4-methyl4-vinyl-1,3-dioxolane-2-one,
4-ethyl-4-vinyl-1,3-dioxolane-2-one, 4-n-propyl-4-vinyl-1,
3-dioxolane-2-one, 5-methyl4-vinyl-1,3-dioxolane-2-one,
4,4-divinyl-1,3-dioxolane-2-one, 4,5-divinyl-1,3-dioxolane-
2-one and the like.

Examples of the methylene ethylene carbonate-based com-
pound include 4-methylene-1,3-dioxolane-2-one, 4,4-dim-
ethyl-5-methylene-1,3-dioxolane-2-one, 4,4-diethyl-5-me-
thylene-1,3-dioxolane-2-one and the like.

Only one kind or a mixture of a plurality of kinds selected
from them may be used. Among them, vinylene carbonate is
preferable, because a sufficient effect is obtained.

Moreover, the solvent preferably includes at least one kind
selected from the group consisting of a chain carbonate rep-
resented by Chemical Formula 20 which includes a halogen
as a constituent element and a cyclic carbonate represented by
Chemical Formula 21 which includes a halogen as a constitu-
ent element, because the chemical stability of the electrolytic
solution is further improved.

Chemical Formula 20

where R11, R12, R13, R14, R15 and R16 each represent a
hydrogen group, a halogen group, an alkyl group or a halo-
genated alkyl group, and at least one of them is a halogen
group or a halogenated alkyl group.
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Chemical Formula 21

R22
\C C/

70
O (0]
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R23

R21 R24

O

where R21, R22, R23 and R24 each represent a hydrogen
group, a halogen group, an alkyl group or a halogenated alkyl
group, and at least one of them is a halogen group or a
halogenated alkyl group.

R11 to R16 in Chemical Formula 20 may be the same as or
different from one another. The same holds for R21 to R24 in
Chemical Formula 21. The “halogenated alkyl group” which
describes R11 to R16 or R21 to R24 is a group obtained by
substituting a halogen for at least a part of hydrogen in an
alkyl group. The kind of the halogen is not specifically lim-
ited. However, at least one kind selected from the group
consisting of fluorine, chlorine and bromine is cited, and
among them, fluorine is preferable, because a high effect is
obtained. Any other halogen may be used.

In particular, as a halogenated carbonate, a compound
including two halogens (a dihalogenated carbonate) is pref-
erable to a compound including one halogen (a monohaloge-
nated carbonate), because a higher effect is obtained.

Examples of the chain carbonate represented by Chemical
Formula 20 which includes a halogen include fluoromethyl
methyl carbonate, bis(fluoromethyl) carbonate, difluorom-
ethyl methyl carbonate and the like. Only one kind or a
mixture of a plurality of kinds selected from them may be
used. Among them, bis(fluoromethyl) carbonate is prefer-
able, because a high effect is obtained.

In the case where at least one of R21 to R24 in Chemical
Formula 21 is an alkyl group or a halogenated alkyl group, the
alkyl group or the halogenated alkyl group is preferably a
methyl group, an ethyl group, a halogenated methyl group or
a halogenated ethyl group, because a high effect is obtained.

Examples of the cyclic carbonate represented by Chemical
Formula 21 which includes a halogen include compounds
represented by Chemical Formulas 22 and 23. More specifi-
cally, 4-fluoro-1,3-dioxolane-2-one in Chemical Formula
22(1), 4-chloro-1,3-dioxolane-2-one in Chemical Formula
22(2), 4,5-difluoro-1,3-dioxolane-2-one in Chemical For-
mula 22(3), tetrafluoro-1,3-dioxolane-2-one in Chemical
Formula 22(4), 4-fluoro-5-chloro-1,3-dioxolane-2-one in
Chemical Formula 22(5), 4,5-dichloro-1,3-dioxolane-2-one
in Chemical Formula 22(6), tetrachloro-1,3-dioxolane-2-one
in Chemical Formula 22(7), 4,5-bistrifluoromethyl-1,3-diox-
olane-2-one in Chemical Formula 22(8), 4-trifluoromethyl-
1,3-dioxolane-2-one in Chemical Formula 22(9), 4,5-dit-
luoro4,5-dimethyl-1,3-dioxolane-2-one in Chemical
Formula 22(10), 4-methyl-5,5-difluoro-1,3-dioxolane-2-one
in Chemical Formula 22(11), and 4-ethyl-5,5-difluoro-1,3-
dioxolane-2-one in Chemical Formula 22(12) are cited.
Moreover, 4-trifluoromethyl-5-fluoro-1,3-dioxolane-2-one
in Chemical Formula 23(1), 4-trifluoromethyl-5-methyl-1,3-
dioxolane-2-one in Chemical Formula 23(2), 4-fluoro-4,5-
dimethyl-1,3-dioxolane-2-one in Chemical Formula 23(3),
4.4-diftuoro-5-(1,1-difluoroethyl)-1,3-dioxolane-2-one  in
Chemical Formula 23(4), 4,5-dichloro4,5-dimethyl-1,3-di-
oxolane-2-one in Chemical Formula 23(5), 4-ethyl-5-fluoro-
1,3-dioxolane-2-one in Chemical Formula 23(6), 4-ethyl4,5-
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difluoro-1,3-dioxolane-2-one in Chemical Formula 23(7),
4-ethyl-4,5,5-trifluoro-1,3-dioxolane-2-one in Chemical For-
mula 23(8), and 4-fluoro-4-methyl-1,3-dioxolane-2-one in
Chemical Formula 23(9) are cited.

Only one kind or a mixture of a plurality of kinds selected
from them may be used. Among them, 4-fluoro-1,3-diox-
olane-2-one or 4,5-difluoro-1,3-dioxolane-2-one is prefer-
able, and 4,5-difluoro-1,3-dioxolane-2-one is preferable. It is
because they are easily available, and a high effect is
obtained. In particular, as 4,5-difluoro-1,3-dioxolane-2-one,
a trans-isomer is more preferable than a cis-isomer.

Chemical Formula 22
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Moreover, the solvent may include a sultone (cyclic sul-
fonate) or an acid anhydride. It is because the chemical sta-
bility of the electrolytic solution is further improved.

Examples of the sultone include propane sultone, propene
sultone and the like. Only one kind or a mixture of a plurality
of kinds selected from them may be used. Among them,
propene sultone is preferable. Further, the content of the
sultone in the solvent is preferably within a range from 0.5 wt
% to 3 wt % both inclusive. In any cases, a high effect is
obtained.

Examples of the acid anhydride include a carboxylic anhy-
dride such as succinic anhydride, glutaric anhydride or maleic
anhydride, a disulfonic anhydride such as ethanedisulfonic
anhydride or propanedisulfonic anhydride, an anhydride of a
carboxylic acid and a sulfonic acid such as sulfobenzoic
anhydride, sulfopropionic anhydride, sulfobutyric anhydride,
and the like. Only one kind or a mixture of a plurality ofkinds
selected from them may be used. Among them, sulfobenzoic
anhydride is preferable. Further, the content of the acid anhy-
dride in the solvent is preferably within a range from 0.5 wt %
to 3 wt % both inclusive. It is because in any case, a high effect
is obtained.

For example, the intrinsic viscosity of the solvent is pref-
erably 10.0 mPa-s or less at 25° C. It is because the dissocia-
tion property of the electrolyte salt and ion mobility are
improved. The intrinsic viscosity in a state in which the elec-
trolyte salt is dissolved in the solvent (that is, the intrinsic
viscosity of the electrolytic solution) is also preferably 10.0
mPa-s or less at 25° C. because of the same reason.

The electrolyte salt includes one kind or two or more kinds
of light metal salts such as a lithium salt. Examples of the
lithium salt include lithium hexafluorophosphate, lithium tet-
rafluoroborate, lithium perchlorate, lithium hexafluoroarsen-
ate, lithium tetraphenyl borate (LiB(C Hs),), lithium meth-
anesulfonate (LiCH;SO;), lithium trifluoromethanesulfonate
(LiCF;S0;), lithium tetrachloroaluminate (LiAICl,), lithium
hexafluorosilicate (Li,SiFy), lithium chloride (LiCl), lithium
bromide (LiBr) and the like. Among them, at least one kind
selected from the group consisting of lithium hexafluoro-
phosphate, lithium tetrafluoroborate, lithium perchlorate and
lithium hexafluoroarsenate is preferable, and lithium
hexafluorophosphate is preferable. It is because the resistance
of the electrolytic solution is reduced. In particular, a combi-
nation of lithium hexafluorophosphate and lithium tetrafluo-
roborate is preferable. It is because a high effect is obtained.

The electrolyte salt may include at least one kind selected
from the group consisting of compounds represented by
Chemical Formulas 24,25 and 26. Itis because a higher effect
is obtained in the case where they are used with the above-
described lithium hexafluorophosphate or the like. R33 in
Chemical Formula 24 may be the same as or different from
each other. The same holds for R41 to R43 in Chemical
Formula 25 and R51 and R52 in Chemical Formula 26.
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Chemical Formula 24

m3-

M31—R31,; X3145™"

a3 &3

where X31 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the elements,
or aluminum, M31 represents a transition metal, or a Group
3B element, a Group 4B element or a Group 5B element in the
short form of the periodic table of the elements, R31 repre-
sents a halogen group, Y31 represents —OC—R32-CO—,
—OC—CR33,- or —OC—CO—, in which R32 represents
an alkylene group, a halogenated alkylene group, an arylene
group or a halogenated arylene group, and R33 represents an
alkyl group, a halogenated alkyl group, an aryl group or a
halogenated aryl group, and a3 is an integer of 1 to 4 both
inclusive, b3 is O or an integer of 2 or 4, and ¢3, d3, m3 and n3
each are an integer of 1 to 3 both inclusive.

Chemical Formula 25

[e) mé4-
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\ AN
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where X41 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the elements,
M41 represents a transition metal, or a Group 3B element, a
Group 4B element or a Group 5B element in the short form of
the periodic table of the elements, Y41 represents —OC—
(CR41,),,-CO—,—R43,C—(CR42,)_,-CO—,—R43,C—
(CR42,)_,-CR43,-, —R43,C—(CR42,)_,-SO,—, —0O,5—
(CR42,) 4-SO,—or —OC—(CR42,),-SO,—, in which
R41 and R43 each represent a hydrogen group, an alkyl
group, a halogen group or a halogenated alkyl group and at
least one of them is a halogen group or a halogenated alkyl
group, and R42 represents a hydrogen group, an alkyl group,
a halogen group or a halogenated alkyl group, and a4, e4 and
n4 each are an integer of 1 or 2, b4 and d4 each are an integer
of' 1 to 4 both inclusive, ¢4 is 0 or an integer of 1 to 4 both
inclusive, and f4 and m4 each are an integer of 1 to 3 both
inclusive.

Chemical Formula 26

m5-

0
Rch\ \
M51 Y51 X51,5m
Fos O/

a5 5

where X51 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the elements,
MS51 represents a transition metal, or a Group 3B element, a
Group 4B element or a Group 5B element in the short form of
the periodic table of the elements, Rf represents a fluorinated
alkyl group having 1 to 10 carbon atoms or a fluorinated aryl
group having 1 to 10 carbon atoms, Y51 represents —OC—
(CR51,)45-CO—, —R52,C—(CR51,) 45-CO—,
—R52,C—(CR51,),5-CR52,-, —R52,C—(CR51,) 45-
SO,—, —0,8—(CR51,),5-8S0,— or —OC—(CR51,),5-
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SO,—, in which R51 represents a hydrogen group, an alkyl
group, a halogen group or a halogenated alkyl group, and R52
represents a hydrogen group, an alkyl group, a halogen group
or a halogenated alkyl group and at least one of them is a
halogen group or a halogenated alkyl group, and a5, {5 and n5
each are an integer of 1 or 2, b5, ¢5 and e5 each are an integer
of 1 to 4 both inclusive, d5 is 0 or an integer of 1 to 4 both
inclusive, and g5 and m5 each are an integer of 1 to 3 both

inclusive.

Examples of the compound represented by Chemical For-
mula 24 include compounds represented by Chemical For-
mulas 27(1) to 27(6) and the like. Examples of the compound
represented by Chemical Formula 25 include compounds
represented by Chemical Formulas 28(1) to 28(8) and the
like. Examples of the compound represented by Chemical
Formula 26 include a compound represented by Chemical
Formula 29 and the like. Among them, the compound repre-
sented by Chemical Formula 27(6) or Chemical Formula
28(6) is preferable, because a high effect is obtained. As long
as the compound has a structure shown in Chemical Formulas
24 to 26, the compound is not limited to the compounds
represented by Chemical Formulas 27 to 29.

Li*

Chemical Formula 27

10

15

20

25

30

35

40

45

50

55

60

65

16
-continued
0
0 o O
F
j: \/ .
5 O/ \O F
o)
1
o) o o CF; |
\B/ or | L
/7 \
0 o 0 0

o) o o CF |
\ / Lt
B H i
/ \
0 6 0 0
o) o o CF; |
\ / Lt
B CH; i
/7 \
0 o 0 0

CF,
CF,
0 o 0 "
j: \/ .
/' \ H
o 0 o
0
(&)
CF,
0 CF
o O 3
\B/ Lit
/\
o o © CF,
CF,
(6)
CF;
CH;

0 o ©O .
j: \/ .
7/ \ H

0 0 o
— O -
@)
CF;
o H
o ©
\/ H .
/B\ Li
H
e 0 o
— O —

Chemical Formula 28

Chemical Formula 29



US 9,153,836 B2

17

Moreover, the electrolyte salt preferably includes at least
one kind selected from the group consisting of compounds
represented by Chemical Formulas 30, 31 and 32, because in
the case where they are used with the above-described lithium
hexafluorophosphate or the like, a higher effect is obtained. In
addition, m and n in Chemical Formula 30 may be the same as
or different from each other. The same holds for p, g and r in
Chemical Formula 32.

LiN(C,,,F2,4150,)(C,,F5,,,1S05) Chemical Formula 30

where m and n each are an integer of 1 or more.

Chemical Formula 31

=

NN\

7 \2./ N\,
oy

where R61 represents a straight-chain or branched perfluoro-
alkylene group having 2 to 4 carbon atoms.

LiC(C,F5,,1805)(C Fs,, 18O5)(C,F5,, 1SO,5)  Chemical Formula 32

where p, q and r each are an integer of 1 or more.

Examples of the chain compound represented by Chemical
Formula 30 include lithium bis(trifluoromethanesulfonyl)
imide (LiN(CF;80,),), lithium bis(pentafluoroethanesulfo-
nyl)imide (LiN(C,F5S0,),), lithium (trifluoromethanesulfo-
nyl)(pentafluoroethanesulfonyl)imide (LiN(CF;80,)
(C,FSS0,)), (trifluoromethanesulfonyl)
(heptafluoropropanesulfonyl)imide (LiN(CF;S0,)
(C,F,S0,)), lithium (trifluoromethanesulfonyl)
(nonafluorobutanesulfonyl)imide (LiN(CF;SO,)(C,F;SO,))
and the like. Only one kind or a mixture of a plurality ofkinds
selected from them may be used.

lithium

Examples of the cyclic compound represented by Chemi-
cal Formula 31 include compounds represented by Chemical
Formula 33. More specifically, lithium 1,2-perfluoroet-
hanedisulfonylimide in Chemical Formula 33(1), lithium 1,3-
perfluoropropanedisulfonylimide in Chemical Formula
33(2), lithium 1,3-perfluorobutanedisulfonylimide in Chemi-
cal Formula 33(3), lithium 1,4-perfluorobutanedisulfonylim-
ide in Chemical Formula 33(4) and the like are cited. Only
one kind or a mixture of a plurality of kinds selected from
them may be used. Among them, lithium 1,3-perfluoropro-
panedisulfonylimide is preferable, because a high effect is
obtained.

Chemical Formula 33

O, O

\ \/

CF,—S§

CF5N\ / \
| N- Lit CF, N- Lit

Ch/ 3 S/

2
AN AN

M

5

10

15

20

25

30

35

40

45

50

55

60

65

18
~ i -conti_nued _
R Y
/0N | e N |
CF, N | Lit | N | Lit
CF —s/ BN s/
2 CF57,
B o// \\o i L o// \\o B

Q)

As the chain compound represented by Chemical Formula
32, for example, lithium tris(triftuoromethanesulfonyl)me-
thide (LiC(CF;80,),) or the like is cited.

The content of the electrolyte salt is preferably within a
range from 0.3 mol/kg to 3.0 mol/kg both inclusive relative to
the solvent. It is because when the content of the electrolyte
salt is out of the range, there is a possibility that ionic con-
ductivity is extremely reduced.

In the electrolytic solution according to the embodiment,
the solvent includes the sulfone compound represented by
Chemical Formula 11, so compared to the case where the
sulfone compound represented by Chemical Formula 11 is
not included, or the case where another sulfone compound
represented by Chemical Formula 34 is included, the chemi-
cal stability is improved. The sulfone compound represented
by Chemical Formula 34 is a compound having 3 carbon
atoms in the case where R1 in Chemical Formula 11 is a
straight-chain alkylene group. Therefore, in the case where
the electrolytic solution is used in an electrochemical device
such as a secondary battery, decomposition reaction is pre-
vented, so the electrolytic solution is capable of contributing
to an improvement in cycle characteristics and storage char-
acteristics. In this case, when the sulfone compound repre-
sented by Chemical Formula 11 is the compound represented
by Chemical Formula 12, or when the content of the sulfone
compound represented by Chemical Formula 11 in the sol-
vent is within a range from 0.01 wt % to 10 wt % both
inclusive, a high effect is able to be obtained.

Chemical Formula 34
F\ /C3H5\S - F

S
O// \\O O// \\O

In particular, when the solvent includes the cyclic carbon-
ate including an unsaturated bond, at least one kind selected
from the group consisting of the chain carbonate represented
by Chemical Formula 20 which includes a halogen and the
cyclic carbonate represented by Chemical Formula 21 which
includes a halogen, the sultone, or the acid anhydride, a
higher effect is able to be obtained. In particular, in the case
where the solvent includes at least one kind selected from the
group consisting of the chain carbonate represented by
Chemical Formula 20 which includes a halogen and the cyclic
carbonate represented by Chemical Formula 21 which
includes a halogen, when a dihalogenated carbonate rather
than a monohalogenated carbonate is included, a higher effect
is able to be obtained.

Further, when the electrolyte salt includes at least one kind
selected from the group consisting of lithium hexafluoro-
phosphate, lithium tetrafluoroborate, lithium perchlorate and
lithium hexafluoroarsenate, at least one kind selected from
the group consisting of the compounds represented by
Chemical Formulas 24 to 26, or at least one kind selected



US 9,153,836 B2

19

from the group consisting of the compounds represented by
Chemical Formulas 30 to 32, a higher effect is able to be
obtained.

Next, application examples of the above-described electro-
Iytic solution will be described below. As an example of the
electrochemical device, a secondary battery is used, and the
electrolytic solution is used in the secondary battery as below.
First Secondary Battery

FIG. 1 shows a sectional view of a first secondary battery.
The secondary battery is, for example, a lithium-ion second-
ary battery in which the capacity of an anode is represented on
the basis of insertion and extraction of lithium as an electrode
reactant.

The secondary battery includes a spirally wound electrode
body 20 which includes a cathode 21 and an anode 22 which
are spirally wound with a separator 23 in between, and a pair
of'insulating plates 12 and 13 in a substantially hollow cylin-
drical-shaped battery can 11. The battery can 11 is made of,
for example, a metal material such as nickel (Ni)-plated iron
(Fe). An end of the battery can 11 is closed, and the other end
thereof is opened. The pair of insulating plates 12 and 13 are
arranged so that the spirally wound electrode body 20 is
sandwiched therebetween, and the pair of insulating plates 12
and 13 extend in a direction perpendicular to a peripheral
winding surface. A battery configuration using the cylindrical
battery can 11 is called a cylindrical type.

Inthe open end of the battery can 11, a battery cover 14, and
a safety valve mechanism 15 and a positive temperature coef-
ficient device (PTC device) 16 arranged inside the battery
cover 14 are mounted by caulking by a gasket 17, and the
interior of the battery can 11 is sealed. The battery cover 14 is
made of, for example, the same metal material as that of the
battery can 11. The safety valve mechanism 15 is electrically
connected to the battery cover 14 through the PTC device 16.
Inthe safety valve mechanism 15,when an internal pressure in
the battery increases to a certain extent or higher due to an
internal short circuit or external application of heat, a disk
plate 15A is flipped so as to disconnect the electrical connec-
tion between the battery cover 14 and the spirally wound
electrode body 20. The PTC device 16 limits a current by an
increase in resistance with an increase in temperature to pre-
vent abnormal heat generation caused by a large current. The
gasket 17 is made of, for example, an insulating material, and
its surface is coated with asphalt.

A center pin 24 may be inserted into the center of the
spirally wound electrode body 20. In the spirally wound elec-
trode body 20, a cathode lead 25 made of a metal material
such as aluminum is connected to the cathode 21, and an
anode lead 26 made of a metal material such as nickel is
connected to the anode 22. The cathode lead 25 is welded to
the safety valve mechanism 15 so as to be electrically con-
nected to the battery cover 14, and the anode lead 26 is welded
to the battery can 11 so as to be electrically connected to the
battery can 11.

FIG. 2 shows a partially enlarged view of the spirally
wound electrode body 20 shown in FIG. 1. The cathode 21 is
formed by arranging a cathode active material layer 21B on
both sides of a cathode current collector 21A having a pair of
surfaces. The cathode active material layer 21B may be
arranged on only one side of the cathode current collector
21A.

The cathode current collector 21 A is made of, for example,
a metal material such as aluminum, nickel or stainless. For
example, as a cathode active material, the cathode active
material layer 21B includes one kind or two or more kinds of
cathode materials capable of inserting and extracting lithium,
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and may include another material such as an electrical con-
ductor or a binder, if necessary.

Examples of the cathode material capable of inserting and
extracting lithium include chalgogenide not including lithium
such as iron sulfide (FeS,), titanium sulfide (TiS,), molybde-
num sulfide (MoS,), niobium selenide (NbSe,) or vanadium
oxide (V,0;), and a lithium-containing compound including
lithium, and the like.

Among them, the lithium-containing compound is prefer-
able, because a high voltage and a high energy density are
able to be obtained. Examples of such a lithium-containing
compound include a complex oxide including lithium and a
transition metal element, or a phosphate compound including
lithium and a transition metal element, and in particular, a
lithium-containing compound including at least one kind
selected from the group consisting of cobalt, nickel, manga-
nese and iron is preferable, because a higher voltage is
obtained. The lithium-containing compound is represented
by, for example, a chemical formula Li,M10, or Li, M2PO,.
In the chemical formula, M1 and M2 represent one or more
kinds of transition metal elements. The values of x and y
depend on a charge-discharge state of the secondary battery,
and are generally within a range of 0.05=x<1.10 and
0.05=y=1.10, respectively.

Examples of the complex oxide including lithium and a
transition metal element include lithium-cobalt complex
oxide (Li,Co0,), lithium-nickel complex oxide (Li,NiO,),
lithium-nickel-cobalt complex oxide (Li Ni;, ,Co,0O, (z<1)),
lithium-nickel-cobalt-manganese complex oxide (Li,Ni,_,_
wCo,Mn, O, (v+w<1), lithium-manganese complex oxide
(LiMn,O,) having a spinel structure and the like. Among
them, a complex oxide including nickel is preferable. It is
because a high capacity is obtained, and superior cycle char-
acteristics are obtained. Examples of the phosphate com-
pound including lithium and a transition metal element
include a lithium-iron phosphate compound (LiFePO,), a
lithium-iron-manganese phosphate compound (LiFe,_,M-
n, PO, (u<1)) and the like.

In addition to the above-described materials, as the above-
described cathode material, for example, an oxide such as
titanium oxide, vanadium oxide or manganese dioxide, sul-
fur, or a conductive polymer such as polyaniline or poly-
thiophene is cited.

The anode 22 is formed by arranging an anode active
material layer 22B on both sides of an anode current collector
22A having a pair of surfaces. The anode active material layer
22B may be arranged on only one side of the anode current
collector 22A. The anode current collector 22A is preferably
made of a metal material having good electrochemical stabil-
ity, electrical conductivity and mechanical strength.
Examples of the metal material include copper (Cu), nickel,
stainless and the like, and among them, copper is preferable,
because high electrical conductivity is obtained.

The anode active material layer 22B includes one kind or
two or more kinds of anode materials capable of inserting and
extracting lithium as the anode active materials, and may
include another material such as an electrical conductor or a
binder, if necessary. The charge capacity of the anode mate-
rial capable of inserting and extracting lithium is preferably
larger than the charge capacity of the cathode active material.

As the anode material capable of inserting and extracting
lithium, for example, a carbon material is cited. Examples of
such a carbon material include graphitizable carbon, non-
graphitizable carbon with a (002) plane interval of 0.37 nm or
more, graphite with a (002) plane interval of 0.34 nm or more,
and the like. More specifically, kinds of pyrolytic carbon,
kinds of coke, kinds of graphite, glass-like carbon fibers, fired
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organic polymer compound bodies, carbon fibers, activated
carbon kinds of carbon black and the like are cited. Among
them, kinds of coke include pitch coke, needle coke, petro-
leum coke and so on, and the fired organic polymer compound
bodies are polymers such as a phenolic resin and a furan resin
which are carbonized by firing at an adequate temperature.
These carbon materials are preferable, because a change in a
crystal structure according to insertion and extraction of
lithium is very small, so a high energy density is obtained, and
superior cycle characteristics are obtained, and the carbon
materials also function as electrical conductors.

As the anode material capable of inserting and extracting
lithium, for example, a material being capable of inserting
and extracting lithium and including at least one kind selected
from the group consisting of metal elements and metalloid
elements as a constituent element is cited. Such an anode
material is preferable, because a high energy density is
obtained. The anode material may be the simple substance, an
alloy or a compound of a metal element or a metalloid clem-
ent, or a material which includes a phase including one kind
or two or more kinds of them at least in part. In the present
application, the alloy means an alloy including two or more
kinds of metal elements as well as an alloy including one or
more kinds of metal elements and one or more kinds of
metalloid elements. Moreover, the alloy in the present appli-
cation may include a non-metal element. As the texture of the
alloy, a solid solution, a eutectic (eutectic mixture), an inter-
metallic compound or the coexistence of two or more kinds
selected from them is cited.

Examples of the metal element or the metalloid element
included in the anode material include metal elements and
metalloid elements which are capable of forming an alloy
with lithium. More specifically, magnesium (Mg), boron (B),
aluminum, gallium (Ga), indium (In), silicon (Si), germa-
nium (Ge), tin (Sn), lead (Pb), bismuth (Bi), cadmium (Cd),
silver (Ag), zinc (Zn), hatnium (Hf), zirconium (Zr), yttrium
(Y), palladium (Pd), platinum (Pt) or the like is cited. Among
them, at least one kind selected from the group consisting of
silicon and tin is preferable, because silicon and tin have a
large capability to insert and extract lithium, so a high energy
density is obtained

As the material including at least one kind selected from
the group consisting of silicon and tin, for example, at least
one kind selected from the group consisting of the simple
substance, alloys and compounds of silicon and the simple
substance, alloys and compounds of tin is cited. More spe-
cifically, a material including the simple substance, an alloy
or a compound of silicon, the simple substance, an alloy or a
compound of tin, or a material including a phase of one kind
or two or more kinds selected from them at least in a part
thereof'is cited.

As an alloy of silicon, for example, an alloy including at
least one kind selected from the group consisting of tin,
nickel, copper, iron, cobalt (Co), manganese (Mn), zinc,
indium, silver, titanium, germanium, bismuth, antimony (Sb)
and chromium as a second constituent element in addition to
silicon is cited. As an alloy of tin, for example, an alloy
including at least one kind selected from the group consisting
of silicon, nickel, copper, iron, cobalt, manganese, zinc,
indium, silver, titanium, germanium, bismuth, antimony and
chromium as a second constituent element in addition to tin is
cited.

As a compound of silicon or a compound of tin, for
example, a compound including oxygen or carbon is cited,
and in addition to silicon or tin, the compound may include
the above-described second constituent element.
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In particular, as the material including at least one kind
selected from the group consisting of silicon and tin as a
constituent element, a material including a second constituent
element and a third constituent element in addition to tinas a
first constituent element is preferable. The second constituent
element includes at least one kind selected from the group
consisting of cobalt, iron, magnesium, titanium, vanadium
(V), chromium, manganese, nickel, copper, zinc, gallium,
zirconium, niobium (Nb), molybdenum (Mo), silver, indium,
cerium (Ce), hafnium, tantalum (Ta), tungsten (W), bismuth
and silicon. The third constituent element includes at least
one kind selected from the group consisting of boron, carbon,
aluminum and phosphorus. It is because when the second
constituent element and the third constituent element are
included, cycle characteristics are improved.

Among them, a CoSnC-containing material in which tin,
cobalt and carbon are included as constituent elements, and
the carbon content is within a range from 9.9 wt % to 29.7 wt
% both inclusive, and the ratio of cobalt to the total of tin and
cobalt (Co/(Sn+Co)) is within a range from 30 wt % to 70 wt
% both inclusive is preferable, because a high energy density
is obtained in such a composition range.

The CoSnC-containing material may include any other
constituent element, if necessary. As the other constituent
element, for example, silicon, iron, nickel, chromium,
indium, niobium, germanium, titanium, molybdenum, alumi-
num, phosphorus, gallium, bismuth or the like is preferable,
and two or more kinds selected from them may be included.
It is because a higher effect is obtained.

The CoSnC-containing material includes a phase includ-
ing tin, cobalt and carbon, and the phase preferably has a low
crystalline structure or an amorphous structure. Moreover, in
the CoSnC-containing material, at least a part of carbon as a
constituent element is preferably bonded to a metal element
or a metalloid element as another constituent element. It is
because cohesion or crystallization of tin or the like is pre-
vented.

As a measuring method for checking the bonding state of
an element, for example, X-ray photoelectron spectroscopy
(XPS) is used. In the XPS, the peak of the 1s orbit (Cls) of
carbon in the case of graphite is observed at 284.5 eV in an
apparatus in which energy calibration is performed so that the
peak of the 4f orbit (Audd) of a gold atom is observed at 84.0
eV. Moreover, the peak of Cl1s of surface contamination car-
bon is observed at 284.8 eV. On the other hand, in the case
where the charge density of the carbon element increases, for
example, in the case where carbon is bonded to a metal
element or a metalloid element, the peak of C1s is observed in
a region lower than 284.5 eV. In other words, in the case
where the peak of the composite wave of Cls obtained in the
CoSnC-containing material is observed in a region lower than
284.5 eV, at least a part of carbon included in the CoSnC-
containing material is bonded to the metal element or the
metalloid element which is another constituent element.

Moreover, in the XPS measurement, for example, the peak
of Cls is used to correct the energy axis of a spectrum. In
general, surface contamination carbon exists on a material
surface, so the peak of Cls of the surface contamination
carbon is fixed at 284.8 eV, and the peak is used as an energy
reference. Inthe XPS measurement, the waveform of the peak
of Cls is obtained as a form including the peak of the surface
contamination carbon and the peak of carbon in the CoSnC-
containing material, so the peak of the surface contamination
carbon and the peak of the carbon in the CoSnC-containing
material are separated by analyzing the waveform through the
use of, for example, commercially available software. In the
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analysis of the waveform, the position of a main peak existing
on a lowest binding energy side is used as an energy reference
(284.8 eV).

Further, as the anode material capable of inserting and
extracting lithium, for example, a metal oxide or a polymer
compound capable of inserting and extracting lithium or the
like is cited. As the metal oxide, for example, iron oxide,
ruthenium oxide, molybdenum oxide or the like is cited, and
as the polymer compound, for example, polyacetylene,
polyaniline, polypyrrole or the like is cited.

A combination of the above-described anode materials
capable of inserting and extracting lithium may be used.

As the electrical conductor, for example, a carbon material
such as graphite, carbon black or ketjen black is cited. Only
one kind or a mixture of a plurality of kinds selected from
them may be used. As long as the electrical conductor is a
material having electrical conductivity, any metal material or
any conductive polymer may be used.

As the binder, for example, synthetic rubber such as sty-
rene butadiene-based rubber, fluorine-based rubber or ethyl-
ene propylene diene or a polymer material such as polyvi-
nylidene fluoride is cited. Only one kind or a mixture of a
plurality of kinds selected from them may be used. However,
as shown in FIG. 1, in the case where the cathode 21 and the
anode 22 are spirally wound, styrene butadiene-based rubber
or fluorine-based rubber which has high flexibility is prefer-
ably used.

The separator 23 isolates between the cathode 21 and the
anode 22 so that lithium ions pass therethrough while pre-
venting a short circuit of a current due to contact between the
cathode 21 and the anode 22. The separator 23 is made of, for
example, a porous film of a synthetic resin such as polytet-
rafluoroethylene, polypropylene or polyethylene, or a porous
ceramic film, and the separator 23 may have a configuration in
which two or more kinds of the porous films are laminated.
Among them, a porous film made of polyolefin is preferable,
because a short-circuit preventing effect is superior, and the
safety of the secondary battery by a shutdown effect is able to
be improved. In particular, polyethylene is preferable,
because a shutdown effect is able to be obtained within a
range from 100° C. to 160° C. both inclusive, and electro-
chemical stability is superior. Moreover, polypropylene is
preferable, and any other resin having chemical stability such
as a resin prepared by copolymerizing or blending with poly-
ethylene or polypropylene may be used.

The separator 23 is impregnated with the above-described
electrolytic solution as a liquid electrolyte, because cycle
characteristics are improved.

When the secondary battery is charged, for example,
lithium ions are extracted from the cathode 21, and are
inserted into the anode 22 through the electrolytic solution.
On the other hand, when the secondary battery is discharged,
for example, lithium ions are extracted from the anode 22, and
are inserted into the cathode 21 through the electrolytic solu-
tion.

The secondary battery is manufactured by the following
steps, for example.

At first, for example, the cathode active material layer 21B
is formed on both sides of the cathode current collector 21A
to form the cathode 21. In this case, the cathode active mate-
rial layer 21B is formed by the following steps. A cathode
mixture formed by mixing the cathode active material, the
electrical conductor and the binder is dispersed in a solvent to
form paste-form cathode mixture slurry, and the cathode mix-
ture slurry is applied to the cathode current collector 21 A, and
the cathode mixture slurry is dried and compression molded
by a roller press, thereby the cathode active material layer
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21B is formed. Moreover, for example, by the same steps as
those in the case of the cathode 21, the anode 22 is formed by
forming the anode active material layer 22B on the both sides
of the anode current collector 22A.

Next, the cathode lead 25 is attached to the cathode current
collector 21 A by welding or the like, and the anode lead 26 is
attached to the anode current collector 22A by welding or the
like. Then, the cathode 21 and the anode 22 are spirally wound
with the separator 23 in between so as to form the spirally
wound electrode body 20, and an end of the cathode lead 25
is welded to the safety valve mechanism 15, and an end of the
anode lead 26 is welded to the battery can 11, and then the
spirally wound electrode body 20 sandwiched between the
pair of insulating plates 12 and 13 is contained in the battery
can 11. Next, the electrolyte salt is dissolved in the solvent
including the sulfone compound represented by Chemical
Formula 11 to prepare the electrolytic solution, and then the
electrolytic solution is injected into the battery can 11 so as to
impregnate the separator 23 with the electrolytic solution.
Finally, the battery cover 14, the safety valve mechanism 15
and the PTC device 16 are fixed in an opened end portion of
the battery can 11 by caulking by the gasket 17. Thereby, the
secondary battery shown in FIGS. 1 and 2 is completed.

In the cylindrical type secondary battery, in the case where
the capacity of the anode 22 is represented on the basis of
insertion and extraction of lithium, the electrolytic solution
according to the embodiment is included, so the decomposi-
tion reaction of the electrolytic solution is prevented. There-
fore, the cycle characteristics and the storage characteristics
are able to be improved. In particular, when the anode active
material of the anode 22 includes a material being capable of
inserting and extracting lithium, and including at least one
kind selected from the group consisting of metal elements and
metalloid elements as a constituent element, the electrolytic
solution is decomposed more easily, so a higher effect than
that in the case where a carbon material is included is able to
be obtained. Other effects relating to the secondary battery
are the same as those in the above-described electrolytic
solution.

Next, second and third secondary batteries will be
described below, and like components are denoted by like
numerals as of the first secondary battery, and will not be
further described.

Second Secondary Battery

The second secondary battery has the same configuration,
functions and effects as those of the first secondary battery,
except for the configuration of an anode 22 is different, and
the second secondary battery is manufactured by the same
steps as those in the first secondary battery.

The anode 22 has a configuration in which the anode active
material layer 22B is arranged on both sides of the anode
current collector 22A as in the case of the first secondary
battery. As the anode active material, the anode active mate-
rial layer 22B includes, for example, a material including
silicon or tin as a constituent element. More specifically, for
example, the anode active material includes the simple sub-
stance, an alloy or a compound of silicon, or the simple
substance, an alloy ora compound of tin, and the anode active
material may include two or more kinds selected from them.

The anode active material layer 22B is formed by, for
example, a vapor-phase method, a liquid-phase method, a
spraying method or a firing method, or a combination of two
or more methods selected from them, and the anode active
material layer 22B and the anode current collector 22A are
preferably alloyed in at least a part of an interface therebe-
tween. More specifically, in the interface, a constituent ele-
ment of the anode current collector 22A may be diffused into
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the anode active material layer 22B, or a constituent element
of the anode active material layer 22B may be diffused into
the anode current collector 22A, or they may be diffused into
each other, because a fracture of the anode active material
layer 22B due to swelling and shrinkage thereof according to
charge and discharge is prevented, and the electronic conduc-
tivity between the anode active material layer 22B and the
anode current collector 22A is improved.

As the vapor-phase method, for example, a physical depo-
sition method or a chemical deposition method, more specifi-
cally, a vacuum deposition method, a sputtering method, an
ion plating method, a laser ablation method, a thermal CVD
(chemical vapor deposition) method, a plasma chemical
vapor deposition method or the like is cited. As the liquid-
phase method, a known technique such as electrolytic plating
or electroless plating may be used. In the firing method, for
example, a particulate anode active material is mixed with a
binder or the like to form a mixture, and the mixture is
dispersed in a solvent and is applied, and then the mixture is
heated at a higher temperature than the melting point of the
binder or the like. As the firing method, a known technique
such as, for example, an atmosphere firing method, a reaction
firing method or a hot press firing method is cited.

Third Secondary Battery

The third secondary battery is a so-called lithium metal
secondary battery in which the capacity of the anode 22 is
represented on the basis of precipitation and dissolution of
lithium. The secondary battery has the same configuration as
that of the first secondary battery, except that the anode active
material layer 22B is made of lithium metal, and the second-
ary battery is manufactured by the same steps as those in the
first secondary battery.

The secondary battery uses lithium metal as the anode
active material, thereby a higher energy density is able to be
obtained. The anode active material layer 22B may exist at the
time of assembling, or may not exist at the time of assem-
bling, and may be made of lithium metal precipitated at the
time of charge. Moreover, the anode active material layer 22B
may be used also as a current collector, thereby the anode
current collector 22A may be removed.

When the secondary battery is charged, lithium ions are
extracted from the cathode 21, and the lithium ions are pre-
cipitated on the surface of the anode current collector 22A as
lithium metal through the electrolytic solution. When the
secondary battery is discharged, the lithium metal is dis-
solved from the anode active material layer 22B as lithium
ions, and the lithium ions are inserted into the cathode 21
through the electrolytic solution.

In the cylindrical type secondary battery, in the case where
the capacity of the anode 22 is represented on the basis of
precipitation and dissolution of lithium, the electrolytic solu-
tion according to the embodiment is included, so the cycle
characteristics and the storage characteristics are able to be
improved. Other effects relating to the secondary battery are
the same as those in the first secondary battery.

Fourth Secondary Battery

FIG. 3 shows an exploded perspective view of a fourth
secondary battery. In the secondary battery, a spirally wound
electrode body 30 to which a cathode lead 31 and an anode
lead 32 are attached is contained in film-shaped package
members 40, and a battery configuration using the film-
shaped package members 40 is called a laminate film type.

The cathode lead 31 and the anode lead 32 are drawn, for
example, from the interiors of the package members 40 to
outside in the same direction. The cathode lead 31 is made of,
for example, a metal material such as aluminum, and the
anode lead 32 are made of, for example, a metal material such
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as copper, nickel or stainless. The metal materials of which
the cathode lead 31 and the anode lead 32 are made each have
a sheet shape or a mesh shape.

The package members 40 are made of, for example, a
rectangular aluminum laminate film including a nylon film,
aluminum foil and a polyethylene film which are bonded in
this order. The package members 40 are arranged so that the
polyethylene film of each of the package members 40 faces
the spirally wound electrode body 30, and edge portions of
the package members 40 are adhered to each other by fusion
bonding or an adhesive. An adhesive film 41 is inserted
between the package members 40 and the cathode lead 31 and
the anode lead 32 for preventing the entry of outside air. The
adhesive film 41 is made of, for example, a material having
adhesion to the cathode lead 31 and the anode lead 32, for
example, a polyolefin resin such as polyethylene, polypropy-
lene, modified polyethylene or modified polypropylene.

In addition, the package members 40 may be made of a
laminate film with any other configuration, a polymer film
such as polypropylene or a metal film instead of the above-
described three-layer aluminum laminate film.

FIG. 4 shows a sectional view of the spirally wound elec-
trode body 30 taken along a line IV-IV of FIG. 3. The spirally
wound electrode body 30 is formed by laminating a cathode
33 and an anode 34 with a separator 35 and an electrolyte 36
in between, and then spirally winding them, and an outermost
portion of the spirally wound electrode body 30 is protected
with a protective tape 37.

The cathode 33 is formed by arranging a cathode active
material layer 33B on both sides of a cathode current collector
33A. The anode 34 is formed by arranging an anode active
material layer 34B on both sides of an anode current collector
34A, and the anode 34 is arranged so that the anode active
material layer 34B faces the cathode active material layer
33B. The configurations of the cathode current collector 33A,
the cathode active material layer 33B, the anode current col-
lector 34A, the anode active material layer 34B and the sepa-
rator 35 are the same as those of the cathode current collector
21A, the cathode active material layer 21B, the anode current
collector 22A, the anode active material layer 22B and the
separator 23 in the above-described first, second and third
secondary batteries, respectively.

The electrolyte 36 includes the above-described electro-
Iytic solution and a polymer compound holding the electro-
Iytic solution, and is a so-called gel electrolyte. The gel elec-
trolyte is preferable, because the gel electrolyte is able to
obtain high ionic conductivity (for example, 1 mS/cm or over
at room temperature), and leakage of an electrolyte from the
secondary battery is prevented.

Examples of the polymer compound include polyacryloni-
trile, polyvinylidene fluoride, a copolymer of polyvinylidene
fluoride and polyhexafluoropyrene, polytetrafluoroethylene,
polyhexafluoropropylene, polyethylene oxide, polypropy-
lene oxide, polyphosphazene, polysiloxane, polyvinyl
acetate, polyvinyl alcohol, polymethyl methacrylate, poly-
acrylic acids, polymethacrylic acids, styrene-butadiene rub-
ber, nitrile-butadiene rubber, polystyrene, polycarbonate and
the like. Only one kind or a mixture of a plurality of kinds
selected from them may be used. In particular, in terms of
electrochemical stability, polyacrylonitrile, polyvinylidene
fluoride, polyhexafluoropropylene, polyethylene oxide or the
like is preferable. The content of the polymer compound in
the electrolytic solution depends on compatibility between
them, but is preferably within a range from 5 wt % to 50 wt %
both inclusive.

The composition of the electrolytic solution is the same as
that of the electrolytic solution in the first secondary battery.
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The solvent in this case has a wide concept including not only
a liquid solvent but also a solvent having ionic conductivity
capable of dissociating the electrolyte salt. Therefore, in the
case where a polymer compound having ionic conductivity is
used, the polymer compound is included in the concept of the
solvent. In particular, in the case where a liquid solvent is
used; propylene carbonate is preferably used, because swell-
ing of the secondary battery is prevented.

In addition, instead of the electrolyte 36 in which the poly-
mer compound holds the electrolytic solution, the electrolytic
solution may be used as it is. In this case, the separator 35 is
impregnated with the electrolytic solution.

The secondary battery may be manufactured by the follow-
ing three kinds of manufacturing methods, for example.

In a first manufacturing method, by the same steps as those
in the method of manufacturing the first secondary battery, at
first, the cathode active material layer 33B is formed on both
sides of the cathode current collector 33A so as to form the
cathode 33, and the anode active material layer 34B is formed
on both sides of the anode current collector 34A so as to form
the anode 34. Next, the gel electrolyte 36 is formed by pre-
paring a precursor solution including the electrolytic solu-
tion, the polymer compound and a solvent, applying the pre-
cursor solution to the cathode 33 and the anode 34, and
volatilizing the solvent. Then, the cathode lead 31 and the
anode lead 32 are attached to the cathode current collector
33 A and the anode current collector 34A, respectively. Next,
after the cathode 33 on which the electrolyte 36 is formed and
the anode 34 on which the electrolyte 36 is formed are lami-
nated with the separator 35 in between to form a laminate, the
laminate is spirally wound in a longitudinal direction, and the
protective tape 37 is bonded to an outermost portion of the
laminate so as to form the spirally wound electrode body 30.
Finally, for example, the spirally wound electrode body 30 is
sandwiched between two film-shaped package members 40,
and edge portions of the package members 40 are adhered to
each other by thermal fusion bonding or the like to seal the
spirally wound electrode body 30 in the package members 40.
At this time, the adhesive film 41 is inserted between the
cathode lead 31 and the anode lead 32, and the package
members 40. Thereby, the secondary battery shown in FIGS.
3 and 4 is completed.

In a second manufacturing method, at first, after the cath-
ode lead 31 and the anode lead 32 are attached to the cathode
33 and the anode 34, respectively, the cathode 33 and the
anode 34 are laminated with the separator 35 in between to
form a laminate, and the laminate is spirally wound, and the
protective tape 37 is bonded to an outermost portion of the
spirally wound laminate so as to form a spirally wound body
as a precursor body of the spirally wound electrode body 30.
Next, the spirally wound body is sandwiched between two
film-shaped package members 40, and the edge portions of
the package members 40 except for edge portions on one side
are adhered by thermal fusion bonding or the like to form a
pouched package, thereby the spirally wound body is con-
tained in the package members 40. An electrolytic composi-
tion which includes the electrolytic solution, monomers as
materials of a polymer compound and a polymerization ini-
tiator and, if necessary, any other material such as a polymer-
ization inhibitor is prepared, and the composition is injected
in the package members 40, and then an opened portion of the
package members 40 are sealed by thermal fusion bonding or
the like. Finally, the monomers are polymerized by applying
heat to form the polymer compound, thereby the gel electro-
lyte 36 is formed. Thus, the secondary battery is completed.

In a third manufacturing method, as in the case of the first
manufacturing method, the spirally wound body is formed,
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and the spirally wound body is contained in the package
members 40, except that the separator 35 with both surfaces
coated with a polymer compound is used. As the polymer
compound applied to the separator 35, for example, a polymer
including vinylidene fluoride as a component, that is, a
homopolymer, a copolymer, a multicomponent copolymer, or
the like is cited. More specifically, polyvinylidene fluoride, a
binary copolymer including vinylidene fluoride and
hexafluoropropylene as components, a ternary copolymer
including vinylidene fluoride, hexafluoropropylene and chlo-
rotrifluoroethylene as components is cited. The polymer com-
pound may include one kind or two or more kinds of other
polymer compounds in addition to the above-described poly-
mer including vinylidene fluoride as a component. Next, after
the electrolytic solution is prepared, and injected into the
package members 40, an opened portion of the package mem-
bers 40 is sealed by thermal fusion bonding or the like.
Finally, the package members 40 are heated while being
weighted so that the separator 35 is brought into close contact
with the cathode 33 and the anode 34 with the polymer com-
pound in between. Thereby, the polymer compound is
impregnated with the electrolytic solution, and the polymer
compound is gelatinized so as to form the electrolyte 36, so
the secondary battery is completed.

In the third manufacturing method, compared to the first
manufacturing method, swelling of the secondary battery is
prevented. Moreover, in the third manufacturing method,
compared to the second manufacturing method, monomers as
the materials of the polymer compound, the solvent and the
like hardly remain in the electrolyte 36, and a step of forming
the polymer compound is controlled well, so sufficient adhe-
sion between the cathode 33, anode 34 and the separator 35,
and the electrolyte 36 is obtained.

The functions and effects of the laminate type secondary
battery are the same as those in the first, second and third
secondary batteries.

Second Embodiment

An electrolytic solution according to a second embodiment
is used in, for example, an electrochemical device such as a
secondary battery as in the case of the above-described elec-
trolytic solution according to the first embodiment, and
includes a solvent and an electrolyte salt dissolved in the
solvent.

The solvent includes a sulfone compound represented by
Chemical Formula 35 (hereinafter also simply referred to
“sulfone compound”) and at least one kind selected from the
group consisting of a chain carbonate represented by Chemi-
cal Formula 36 which includes a halogen as a constituent
element, and a cyclic carbonate represented by Chemical
Formula 37 which includes a halogen as a constituent element
(hereinafter simply and collectively called “halogenated car-
bonates™). It is because when a combination of the above-
described sulfone compound and the halogenated carbonates
is included, compared to the case where neither of them is
included or the case where only one of them is included, the
chemical stability of the electrolytic solution is improved.

Chemical Formula 35

where R1 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
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group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to acarbonatominR1, and
7 is an integer of 2 or more.

Chemical Formula 36

I|{13 I|{14
RlZ—T—O—Cl—O—T—RIS
R11 (6] R16

where R11, R12, R13, R14, R15 and R16 each represent a
hydrogen group, a halogen group, an alkyl group or a halo-
genated alkyl group, and at least one of them is a halogen
group or a halogenated alkyl group.

Chemical Formula 37

where R21, R22, R23 and R24 each represent a hydrogen
group, a halogen group, an alkyl group or a halogenated alkyl
group, and at least one of them is a halogen group or a
halogenated alkyl group.

The sulfone compound represented by Chemical Formula
35 has a sulfonyl fluoride type structure in which a sulfonyl
group (—SO,—) and a fluorine group (—F) are bonded
together. R11 to R16 in Chemical Formula 36 may be the
same as or different from one another. The same holds forR21
to R24 in Chemical Formula 37.

R1 in Chemical Formula 35 is a group having a carbon
chain or a carbon ring as a basic skeleton, and in the basic
skeleton, one kind or two or more kinds of elements selected
from the group consisting of hydrogen, oxygen and halogens
may be included in any form. The carbon chain may be a
straight chain or a branched chain having 1 or 2 or more side
chains.

The above-described “form” means the number of ele-
ments, a combination of elements and the like, and they are
freely settable. More specifically, as a form of hydrogen, for
example, a part of an alkylene group or an arylene group is
cited. As a form of oxygen, for example, an ether bond
(—O—) or the like is cited. As a form of halogens, for
example, a part of a halogenated alkylene group or the like is
cited. The kind of halogen is not specifically limited, but
fluorine is preferable among halogens, because compared to
other halogens, the chemical stability of the electrolytic solu-
tion is improved. In the above-described form of halogens, a
halogen is substituted for hydrogen in R1. In this case, the
halogen may be substituted for a part of hydrogen, or all of
hydrogen. The forms of hydrogen, oxygen and halogens may
be any other form except for the above-described forms.

As long as R1 has the above-described structure, R1 may
be any group. However, a sulfur atom in a number z of
sulfonyl groups is not bonded to an atom (for example, an
oxygen atom) except for a carbon atom in R1, and the sulfur
atom is necessarily bonded to a carbon atom.

R1 may be a derivative of a group obtained by the above-
described forms, and in this case, any other elements except
for hydrogen, oxygen and halogens may be included as a
constituent element. The “derivative” means a group obtained
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by introducing one or two or more substituent groups into the
above-described groups, and the kinds of the substituent
groups are freely settable.

Therefore, as long as the sulfone compound has a structure
corresponding to the structure shown in Chemical Formula
35, the sulfone compound may have any structure as a whole.

Among them, as the sulfone compound, a compound rep-
resented by Chemical Formula 38 is preferable. It is because
in the case where R2 is a straight-chain alkylene group or a
halogenated alkylene group, the number of carbon atoms is
reduced, so compared to the case where the number of carbon
atoms is 3 or more, in the electrolytic solution, high chemical
stability is obtained, and superior compatibility is obtained.
The “halogenated alkylene group” is a group obtained by
substituting a halogen for at least a part of hydrogen in an
alkylene group.

Chemical Formula 38

where R2 represents a z-valent group including carbon and
one kind or two or more kinds of elements selected from the
group consisting of hydrogen, oxygen and halogens, a sulfur
atom in a sulfonyl group is bonded to a carbon atom in R2, z
is an integer of 2 or more, and in the case where R2 is a
straight-chain alkylene group or a halogenated alkylene
group, the number of carbon atoms is 2 or less.

Moreover, as the sulfone compound, a compound repre-
sented by Chemical Formula 39 is preferable, because the
number z (the number of sulfonyl fluoride parts) is reduced,
so in the electrolytic solution, high chemical stability is
obtained, and superior compatibility is obtained. The com-
pound represented by Chemical Formula 39 is a compound in
which z in Chemical Formula 35 is z=2, and R1 is a divalent

group.

Chemical Formula 39

where R3 represents a divalent group including carbon and
one kind or two or more kinds of elements selected from
hydrogen, oxygen and halogens, and a sulfur atom in a sul-
fonyl group is bonded to a carbon atom in R3.

Examples of R3 which is a divalent group include a
straight-chain or branched alkylene group, an arylene group,
a group in which an arylene group and an alkylene group are
bonded together, a group in which an alkylene group and an
ether bond are bonded together, a halogenated group thereof
and the like. A “divalent group including an arylene group and
an alkylene group” may be a group in which one arylene
group and one alkylene group are bonded together, or a group
in which two alkylene groups are bonded through one arylene
group. The “group in which an alkylene group and an ether
bond are bonded together” means a group in which two alky-
lene groups are bonded through one ether bond. The “halo-
genated group thereof” means a group obtained by substitut-
ing a halogen for at least a part of hydrogen in the above-
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described alkylene group or the like. The above-described
number or the bonding order of the alkylene groups, the
arylene groups or the ether bonds is freely settable. R3 may be
any other group except for the above-described groups.

In the case where R3 is a branched alkylene group, the
number of carbon atoms is freely settable. However, the num-
ber of carbon atoms is preferably within a range from 2 to 10
both inclusive, more preferably within a range from 2 to 6
both inclusive, and more preferably within a range from 2 to
4 both inclusive. In particular, in the case where R,3 is a
straight-chain alkylene group or a halogenated alkylene
group, the number of carbon atoms is freely settable, but the
number of atoms is preferably 2 or less. Moreover, in the case
where R3 is a group in which an arylene group and an alky-
lene group are bonded together, a group in which two alky-
lene groups are bonded through one arylene group is prefer-
able. The number of carbon atoms in this case is freely
settable, but the number of carbon atoms is preferably 8. Itis
because in any of the cases, in the electrolytic solution, high
chemical stability is obtained, and superior compatibility is
obtained.

In the case where R3 is a group in which an alkylene group
and an ether bond are bonded together, the number of carbon
atoms is freely settable, but the number of carbon atoms is
preferably within a range from 2 to 12 both inclusive, and
more preferably within a range from 4 to 12 both inclusive. In
this case, in particular, R3 is preferably a group represented
by —CH,—CH,—(OCH,—CH,),—, and n is more prefer-
ably within a range from 1 to 3 both inclusive. It is because in
the electrolytic solution, high chemical stability is obtained,
and superior compatibility is obtained.

Specific examples of R3 include straight-chain alkylene
groups represented by Chemical Formulas 40(1) to 40(7),
branched alkylene groups represented by Chemical Formulas
41(1) to 41(9), arylene groups represented by Chemical For-
mulas 42(1)to 42(3), groups in which an arylene group and an
alkylene group are bonded together represented by Chemical
Formulas 43(1) to 43(3), and groups in which an alkylene
group and an ether bond are bonded together represented by
Chemical Formulas 44(1) to 44(13). In addition, as groups
obtained by halogenating the above-described groups, as
shown in Chemical Formulas 45(1) to 45(9), groups obtained
by halogenating groups in which an alkylene group and an
ether bond are bonded together are cited. In addition to the
groups in which an alkylene group and an ether bond are
bonded together, any other alkylene group or the like may be
halogenated.

Chemical Formula 40
—tCHyy37— —tCHyy5— —tCHyy;— —tCHy¥—
M @ 3) Q)
—tCH 77— —tCHy 5 —tCH—
®) ) O

Chemical Formula 41
CH; CoHs C3Hy CqHy CsHyy
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Chemical Formula 45
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Specific examples of the compound represented by Chemi-
cal Formula 35 include compounds represented by Chemical
Formulas 46(1) to 46(8). It is because in the electrolytic
solution, high chemical stability is obtained, and superior
solubility is obtained. For confirmation, R1 in Chemical For-
mula 35 is a straight-chain alkylene group in Chemical For-
mulas 46(1) to 46(3), a straight-chain fluorinated alkylene
group in Chemical Formulas 46(4) to 46(6), an arylene group
in Chemical Formula 46(7), and a group obtained by haloge-
nating a group in which an alkylene group and an ether bond
are bonded together in Chemical Formula 46(8).

Chemical Formula 46

F\S/CHZ\S/F F\S/CZH“\S/F

o// \\o o// \\o o// \\o o// \\o
(69 2
F\/S\/C3H5>S\/F F\/S\/CFZ7S\/F
O/ \O O/\O O/ \O O/ \O
3) G}
F\/S\/C2F47S\/F F\/S\/C3F5>S\/F
g \O g \O g \O g \O
(&) (6)
NG N /C2F4\S/F
F>S S<F o// \\o o// \\o
Z\ /o
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Only one kind or a mixture of a plurality of kinds selected
from the compounds described as the compound represented
by Chemical Formula 35 may be used. As long as the com-
pound has a structure shown in Chemical Formula 35, the
compound is not limited to the compounds represented by
Chemical Formulas 38, 39 and 46.

The content of the sulfone compound represented by
Chemical Formula 35 in the solvent is freely settable. How-
ever, the content is preferably within a range from 0.01 wt %
to 10 wt % both inclusive. It is because in the electrolytic
solution, high chemical stability is obtained. More specifi-
cally, when the content is smaller than 0.01 wt %, there is a
possibility that electrochemical stability is not obtained suf-
ficiently and stably, and when the content is larger than 10 wt
%, there is a possibility that main electrical performance of an
electrochemical device (for example, capacity characteristics
or the like in a secondary battery) is not obtained sufficiently.
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The halogenated carbonates represented by Chemical For-
mulas 36 and 37 are decomposed during the operation of the
electrochemical device (during electrode reaction), and a
halogen-based film is formed on an electrode. Thereby, the
decomposition reaction of the electrolytic solution is pre-
vented.

The “halogenated alkyl group” which describes R11 to
R16 or R21 to R24 means a group obtained by substituting a
halogen for at least a part of hydrogen in an alkyl group. The
kind of the halogen is not specifically limited. However, at
least one kind selected from the group consisting of fluorine,
chlorine and bromine is cited, and among them, fluorine is
preferable, because a high effect is obtained. Any other halo-
gen may be used.

In particular, as the halogenated carbonate, a compound
including two halogens (a dihalogenated carbonate) is pref-
erable to a compound including one halogen (a monohaloge-
nated carbonate), because a capability to form a film is
improved, and a stronger and more stable film is formed, so
the decomposition reaction of the electrolytic solution is fur-
ther prevented.

Examples of the chain carbonate represented by Chemical
Formula 36 which includes a halogen include fluoromethyl
methyl carbonate, bis(fluoromethyl) carbonate, difluorom-
ethyl methyl carbonate and the like. Only one kind or a
mixture of a plurality of kinds selected from them may be
used.

In the case where at least one of R21 to R24 in Chemical
Formula 37 is an alkyl group or a halogenated alkyl group, a
methyl group, an ethyl group, a halogenated methyl group or
ahalogenated ethyl group is preferable, because a high effect
is obtained.

Examples of the cyclic carbonate represented by Chemical
Formula 37 which includes a halogen include compounds
represented by Chemical Formulas 47 and 48. More specifi-
cally, 4-fluoro-1,3-dioxolane-2-one in Chemical Formula
47(1), 4-chloro-1,3-dioxolane-2-one in Chemical Formula
47(2), 4,5-difluoro-1,3-dioxolane-2-one in Chemical For-
mula 47(3), tetrafluoro-1,3-dioxolane-2-one in Chemical
Formula 47(4), 4-fluoro-5-chloro-1,3-dioxolane-2-one in
Chemical Formula 47(5), 4,5-dichloro-1,3-dioxolane-2-one
in Chemical Formula 47(6), tetrachloro-1,3-dioxolane-2-one
in Chemical Formula 47(7), 4,5-bistrifluoromethyl-1,3-diox-
olane-2-one in Chemical Formula 47(8), 4-trifluoromethyl-
1,3-dioxolane-2-one in Chemical Formula 47(9), 4,5-ditf-
luoro-4,5-dimethyl-1,3-dioxolane-2-one  in ~ Chemical
Formula 47(10), 4-methyl-5,5-difluoro-1,3-dioxolane-2-one
in Chemical Formula 47(11), 4-ethyl-5,5-difluoro-1,3-diox-
olane-2-one in Chemical Formula 47(12) and the like are
cited. Moreover, 4-trifftuoromethyl-5-fluoro-1,3-dioxolane-
2-one in Chemical Formula 48(1), 4-trifluoromethyl-5-me-
thyl-1,3-dioxolane-2-one in Chemical Formula 48(2),
4-fluoro-4,5-dimethyl-1,3-dioxolane-2-one in Chemical For-
mula 48(3), 4,4-difluoro-5-(1,1-difluoroethyl)-1,3-diox-
olane-2-one in Chemical Formula 48(4), 4,5-dichloro4,5-
dimethyl-1,3-dioxolane-2-one in Chemical Formula 48(5),
4-ethyl-5-fluoro-1,3-dioxolane-2-one in Chemical Formula
48(6), 4-ethyl4,5-difluoro-1,3-dioxolane-2-one in Chemical
Formula 48(7), 4-ethyl-4,5,5-trifluoro-1,3-dioxolane-2-one
in Chemical Formula 48(8), 4-fluoro-4-methyl-1,3-diox-
olane-2-one in Chemical Formula 48(9) and the like are cited.
Only one kind or a mixture of a plurality of kinds selected
from them may be used.
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Among the above-described halogenated carbonates, as
the monohalogenated carbonate, fluoromethyl methyl car-
bonate or 4-fluoro-1,-3-dioxolane-2-one is preferable, and as
a dihalogenated carbonate, bis(fluoromethyl)carbonate or
4,5-diftuoro-1,3-dioxolane-2-one is preferable. In particular,
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as 4,5-difluoro-1,3-dioxolane-2-one, a trans-isomer is prefer-
able to a cis-isomer, because it is easily available, and a high
effect is obtained.

The solvent preferably includes one kind or two or more
kinds of nonaqueous solvents such as other organic solvents
together with the above-described sulfone compound and the
above-described halogenated carbonates. The kind, content
and the like of the nonaqueous solvent are the same as those
in the first embodiment.

Moreover, the solvent may include a sultone (cyclic sul-
fonate) or an acid anhydride. It is because the chemical sta-
bility of the electrolytic solution is further improved. The
kinds and contents of the sultone and acid anhydride are the
same as those in the first embodiment.

The intrinsic viscosity of the solvent is preferably 10.0
mPa-s or less at 25° C. It is because the dissociation property
of the electrolyte salt and ion mobility are improved. The
intrinsic viscosity in a state in which the electrolyte salt is
dissolved in the solvent (that is, the intrinsic viscosity of the
electrolytic solution) is also preferably 10.0 mPa-s or less at
25° C. because of the same reason.

The electrolyte salt includes one kind or two or more kinds
oflight metal salts such as a lithium salt. The kind, the content
and the like of the lithium salt are the same as those in the first
embodiment.

In the electrolytic solution according to the embodiment,
the solvent includes the sulfone compound (the sulfone com-
pound represented by Chemical Formula 35) and the haloge-
nated carbonate (at least one kind selected from the group
consisting of the chain carbonate represented by Chemical
Formula 36 which includes a halogen and the cyclic carbon-
ate represented by Chemical Formula 37 which includes a
halogen), so compared to the case where neither of them is
included, or only one of them is included, the chemical sta-
bility is improved. Therefore, the decomposition reaction in
the case where the electrolytic solution is used in an electro-
chemical device such as a secondary battery is prevented, so
the electrolytic solution is capable of contributing to an
improvement in characteristics such as cycle characteristics,
storage characteristics and swelling characteristics. In this
case, when the sulfone compound is the compound repre-
sented by Chemical Formula 38 or 39, and the content of the
sulfone compound in the solvent is within a range from 0.01
wt % to 10 wt % both inclusive, a high effect is able to be
obtained. In particular, when the dihalogenated carbonate
rather than the monohalogenated carbonate is included as the
halogenated carbonate, a higher effect is able to be obtained.
Other effects relating to the electrolytic solution are the same
as those in the first embodiment.

The electrolytic solution according to the embodiment is
applicable to the first to fourth secondary batteries described
in the first embodiment. The configurations of the first to the
fourth secondary batteries are the same as those in the first
embodiment, except for the kind of the electrolytic solution is
different.

In the first to the fourth secondary batteries, in the case
where the capacity of the anode is represented on the basis of
insertion and extraction of lithium, the electrolytic solution
according to the embodiment is included, so the decomposi-
tion reaction of the electrolytic solution is prevented. There-
fore, battery characteristics such as cycle characteristics, stor-
age characteristics and swelling characteristics are able to be
improved. In particular, when the anode active material of the
anode includes a material being capable of inserting and
extracting lithium and including at least one kind selected
from the group consisting of metal elements and metalloid
elements as a constituent element, the electrolytic solution is
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decomposed more easily, so a higher effect than that in the
case where a carbon material is included is able to be
obtained. Other effects relating to the secondary batteries are
the same as those in the case where the above-described
electrolytic solution is described.

Third Embodiment

An electrolytic solution according to a third embodiment is
used in an electrochemical device such as a secondary battery
as in the case of the first embodiment, and includes a solvent
and an electrolyte salt dissolved in the solvent.

The solvent includes one kind or two or more kinds of
sulfone compounds represented by Chemical Formula 49. It
is because the chemical stability of the electrolytic solution is
improved. The sulfone compound represented by Chemical
Formula 49 has a sulfonyl fluoride type structure in which a
sulfonyl group (—SO,—) and a fluorine group (—F) are
bonded together.

Chemical Formula 49
F\S P R1

AN

o O

where R1 represents a chain group including a carbon-carbon
unsaturated bond, or a derivative thereof.

R1 in Chemical Formula 49 is a group having a carbon
chain which includes a carbon-carbon unsaturated bond (a
carbon-carbon double bond or a carbon-carbon triple bond)
as a basic skeleton. In R1, the number of carbon-carbon
unsaturated bonds may be 1 or 2 or more. Moreover, the
carbon-carbon unsaturated bond may be included at an end of
the group or in the middle of the group. As long as R1 is a
chain group, the chain group may be a straight chain or a
branched chain having 1 or 2 or more side chains.

The number of carbon atoms in R1 is not specifically
limited. However, the number of carbon atoms is preferably 4
or less. It is because compared to the case where the number
of carbon atoms is 5 or more, superior compatibility is
obtained.

For example, R1 is a group including carbon and one kind
or two or more kind of elements selected from the group
consisting of hydrogen, oxygen and halogens as constituent
elements, and in R1, an element such as hydrogen may be
included in any form. The “form” means the number of ele-
ments, a combination of elements and the like.

More specifically, as a form of hydrogen, for example, a
part of an alkyl group such as a methyl group (—CH,), a part
of an alkylene group such as an ethylene group (—CH,—), a
part of a carbon-carbon double bond such as a vinyl group
(—CH—CH,), a part of a carbon-carbon triple bond such as
a ethynyl group (—C=CH) or the like is cited.

As a form of oxygen, for example, an ether bond (—O—),
apart of a carbonyl group (—CO—) or the like is cited. InR1,
the ether bond may be included at an end or in the middle.

As a form of halogens (in this case, halogens are repre-
sented by X), for example, a part of a halogenated alkyl group
such as a halogenated methyl group (—CX,), a part of a
halogenated alkylene group such as a halogenated ethylene
group (—CX,—), a part of a halogenated carbon-carbon
double bond such as a halogenated vinyl group
(—CX—CX,), a part of a halogenated carbon-carbon triple
bond such as a halogenated ethynyl group (—C=CX) or the
like is cited. The kind of halogen is not specifically limited,
but fluorine is preferable. It is because compared to other
halogens, the chemical stability of the electrolytic solution is
improved.
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In the above-described form of halogens, a halogen is
substituted for hydrogen in R1. In this case, the halogen may
be substituted for a part of hydrogen, or all of hydrogen.

R1 may be a derivative of a group obtained by the above-
described form, and in this case, any other elements except for
hydrogen, oxygen and halogens may be included as a con-
stituent element. The “derivative” means a group obtained by
introducing one or two or more substituent groups into the
above-described groups. The kind of the substituent group is
not specifically limited. However, for example, a group
(—S0O,F)having the same structure as that of a part except for
R1 in Chemical Formula 49, or the like is cited.

Only one kind or a combination of a plurality of kinds
selected from the above-described forms may be included in
R1. The number of each of the forms in this case may be 1 or
2 or more. When R1 is a chain group including a carbon-
carbon unsaturated bond or a derivative thereof, hydrogen,
oxygen and halogens in any other forms except for the above-
described forms may be included in R1.

Examples of the sulfone compound represented by Chemi-
cal Formula 49 include compounds represented by Chemical
Formulas 50(1) to 50(9), Chemical Formulas 51(1) to 51(8)
and Chemical Formulas 52(1) to 52(8). Among them, the
compound represented by Chemical Formula 50(1), 50(7),
51(6) or 52(1) is preferable. It is because high chemical
stability is obtained in the electrolytic solution. As long as the
sulfone compound has a structure shown in Chemical For-
mula 49, the sulfone compound is not limited to the com-
pounds represented by Chemical Formulas 50 to 52.
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The content of the sulfone compound represented by
Chemical Formula 49 in the solvent is freely settable, but is
preferably within a range from 0.01 wt % to 5 wt % both
inclusive. It is because high chemical stability is obtained in
the electrolytic solution. More specifically, when the content
is smaller than 0.01 wt %, there is a possibility that the
chemical stability of the electrolytic solution is not obtained
sufficiently and stably, and when the content is larger than 5
wt %, there is a possibility that main electrical performance of
an electrochemical device (for example, capacity character-
istics or the like in a secondary battery) is not obtained suffi-
ciently.

The solvent preferably includes one kind or two or more
kinds of nonaqueous solvents such as other organic solvents
together with the sulfone compound represented by Chemical
Formula 49. The kind, the content and the like of the non-
aqueous solvent are the same as those in the first embodiment.

Moreover, the solvent may include a sultone (a cyclic sul-
fonate) or an acid anhydride, because the chemical stability of
the electrolytic solution is further improved. For example, the
kinds, the contents and the like of the sultone and the acid
anhydride are the same as those in the first embodiment.

The intrinsic viscosity of the solvent is preferably 10.0
mPa-s or less at 25° C. It is because the dissociation property
of the electrolyte salt and ion mobility are improved. The
intrinsic viscosity in a state in which the electrolyte salt is
dissolved in the solvent (that is, the intrinsic viscosity of the
electrolytic solution) is also preferably 10.0 mPa-s or less at
25° C. because of the same reason.

The electrolyte salt includes, for example, one kind or two
or more kinds of light metal salts such as a lithium salt. The
kind, the content and the like of the lithium salt are the same
as those in the first embodiment.

In the electrolytic solution according to the embodiment,
the solvent includes the sulfone compound represented by
Chemical Formula 49, so compared to the case where the
sulfone compound is not included, or the case where other
sulfone compounds represented by Chemical Formulas 53,
54 and 55 are included, the chemical stability is improved.
The other sulfone compounds represented by Chemical For-
mulas 53 and 55 are compounds in which R1 in Chemical
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Formula 49 is a chain group not including a carbon-carbon
unsaturated bond, and the other sulfone compound repre-
sented by Chemical Formula 54 is a compound in which R1 is
a cyclic group including a carbon-carbon unsaturated bond.
Therefore, in the case where the electrolytic solution is used
in an electrochemical device, the decomposition reaction is
prevented, the electrolytic solution is capable of contributing
to an improvement in cycle characteristics. In this case, when
the content of the sulfone compound represented by Chemi-
cal Formula 49 in the solvent is within a range from 0.01 wt %
to 5 wt % both inclusive, a high effect is able to be obtained.
Other effects relating to the electrolytic solution are the same
as those in the first embodiment.

Chemical Formula 53
F\ /C2F4\ /C2F5
S O
7\
O O
Chemical Formula 54
F\S
VAN
O O
Chemical Formula 55
F\S /CH3
7\
O O

The electrolytic solution according to the embodiment is
applicable to, for example, the first to the fourth secondary
batteries described in the first embodiment. The configura-
tions of the first to the fourth secondary batteries are the same
as those in the first embodiment, except that the kind of the
electrolytic solution is different.

In the first to the fourth secondary batteries, in the case
where the capacity of the anode is represented on the basis of
insertion and extraction of lithium, the electrolytic solution
according to the embodiment is included, so the decomposi-
tion reaction of the electrolytic solution is prevented. There-
fore, even if charge and discharge are repeated, a discharge
capacity is less prone to being reduced, so cycle characteris-
tics are able to be improved. In particular, when the anode
active material of the anode includes a material being capable
of inserting and extracting lithium, and including at least one
kind selected from the group consisting of metal elements and
metalloid elements as a constituent element, the electrolytic
solution is decomposed more easily, so a higher effect than
that in the case where a carbon material is included is
obtained. Other effects relating to the secondary batteries are
the same as those in the case where the above-described
electrolytic solution is described.

EXAMPLES

Specific examples will be described in detail below.

At first, examples of the electrolytic solution and the sec-
ondary battery according to the first embodiment will be
described below.

Example 1-1
A laminate film type secondary battery shown in FIGS. 3

and 4 was formed using artificial graphite as an anode active
material. At that time, the secondary battery was a lithium-ion
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secondary battery in which the capacity of the anode 34 was
represented on the basis of insertion and extraction of lithium.

At first, the cathode 33 was formed. After lithium carbonate
(Li,COj5) and cobalt carbonate (CoCO;) were mixed at a
molar ratio of 0.5:1 to form a mixture, the mixture was fired
in air at 900° C. for 5 hours to obtain a lithium-cobalt complex
oxide (LiCoQ,). Next, after 91 parts by weight of the lithium-
cobalt complex oxide as a cathode active material, 6 parts by
weight of graphite as an electrical conductor and 3 parts by
weight of polyvinylidene fluoride as a binder were mixed to
form a cathode mixture, the cathode mixture was dispersed in
N-methyl-2-pyrrolidone to form paste-form cathode mixture
slurry. Finally, after the cathode mixture slurry was uniformly
applied to both sides of the cathode current collector 33A
made of strip-shaped aluminum foil (with a thickness of 20
um), and was dried, the cathode mixture slurry was compres-
sion molded by a roller press to form the cathode active
material layer 33B.

Next, the anode 34 was formed. At first, after 90 parts by
weight of artificial graphite as an anode active material and 10
parts by weight of polyvinylidene fluoride as a binder were
mixed to form an anode mixture, the anode mixture was
dispersed in N-methyl-2-pyrrolidone to form paste-form
anode mixture slurry. Finally, after the anode mixture slurry
was uniformly applied to both sides of the anode current
collector 34 A made of strip-shaped copper foil (with a thick-
ness of 15 um), and was dried, the anode mixture slurry was
compression molded by aroller press to form the anode active
material layer 34B.

Next, the electrolytic solution was prepared. At first, after
ethylene carbonate (EC) and diethyl carbonate (DEC) were
mixed at a weight ratio of EC:DEC=30:70 to form a mixture,
the compound represented by Chemical Formula 19(2) as the
sulfone compound represented by Chemical Formula 11 (the
compound represented by Chemical Formula 12) was added
to and mixed with the mixture to form a solvent. At that time,
the content of the compound represented by Chemical For-
mula 19(2) in the solvent was 0.01 wt/o. The “wt % is a unit
in the case where the whole solvent was 100 wt %, and the
same holds for the following examples. Finally, as the elec-
trolyte salt, lithium hexafluorophosphate (LiPFy) was dis-
solved in the solvent. At that time, the concentration of the
electrolyte salt in the electrolytic solution was 1 mol/kg.

Next, a secondary battery was assembled using the cathode
33 and the anode 34. At first, the cathode lead 31 made of
aluminum was welded to an end of the cathode current col-
lector 33 A, and the anode lead 32 made of nickel was welded
to an end of the anode current collector 34 A. Next, after the
cathode 33, the separator 35 (with a thickness of 25 pum) made
of'a microporous polypropylene film and the anode 34 were
laminated in this order to form a laminate, and then the
laminate was spirally wound several times in a longitudinal
direction, an outermost portion of the spirally wound lami-
nate was fixed by the protective tape 37 made of an adhesive
tape so as to form a spirally wound body as a precursor body
of the spirally wound electrode body 30. Next, after the spi-
rally wound body was sandwiched between the package
members 40 made of a laminate film (with a total thickness of
100 pm) with a three-layer configuration formed by laminat-
ing a nylon film (with a thickness of 30 um), aluminum foil
(with a thickness of 40 um) and a cast polypropylene film
(with a thickness of 30 um) in order from outside, the edge
portions of the package members 40 except for edge portions
on one side were adhered by thermal fusion bonding to form
a pouched package, thereby the spirally wound body was
contained in the package members 40. Next, the electrolytic
solution was injected into the package members 40 from an
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opened portion of the package members 40, and the separator
35 was impregnated with the electrolytic solution, thereby the
spirally wound electrode body 30 was formed. Finally, the
opened portion of the package members 40 were sealed by
thermal fusion bonding in a vacuum atmosphere, thereby the
laminate film type secondary battery was completed.

Examples 1-2 to 1-5

Secondary batteries were formed by the same steps as
those in Example 1-1, except that the content of the com-
pound represented by Chemical Formula 19(2) in the solvent
was 1 wt % (Example 1-2), 2 wt % (Example 1-3), 5 wt %
(Example 1-4), or 10 wt % (Example 1-5).

Examples 1-6 to 1-9

Secondary batteries were formed by the same steps as
those in Example 1-2, except that instead of the compound
represented by Chemical Formula 19(2), the compound rep-
resented by Chemical Formula 19(1) (Example 1-6), the com-
pound represented by Chemical Formula 19(3) (Example
1-7), the compound represented by Chemical Formula 19(4)
(Example 1-8) or the compound represented by Chemical
Formula 19(5) (Example 1-9) was used.

Comparative Example 1-1

A secondary battery was formed by the same steps as those
in Example 1-1, except that the compound represented by
Chemical Formula 19(2) was not added.

Comparative Example 1-2

A secondary battery was formed by the same steps as those
in Example 1-2, except that instead of the sulfone compound
represented by Chemical Formula 11, another sulfone com-
pound represented by Chemical Formula 34 was used.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 1-1 to 1-9 and
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Comparative Examples 1-1 and 1-2 were determined, results
shown in Table 1 were obtained.

To determine, the cycle characteristics, two cycles of
charge and discharge were performed on each of the second-
ary batteries in an atmosphere at 23° C. to determine the
discharge capacity in the second cycle, and then the cycle of
charge and discharge was repeated until the total cycle num-
ber reached 100 cycles in the same atmosphere to determine
the discharge capacity in the 100th cycle. Then, a room-
temperature cycle discharge capacity retention ratio (%)=
(discharge capacity in the 100th cycle/discharge capacity in
the second cycle)x100 was determined by calculation. As the
conditions of one cycle of charge and discharge, after each of
the secondary batteries was charged at a constant current of
0.2 C and a constant voltage until reaching an upper limit
voltage of 4.2 V, each of the secondary batteries was dis-
charged at a constant current of 0.2 C until reaching a cutoff
voltage 0f 2.7 V. In addition “0.2 C” represents a current value
at which the theoretical capacity of a battery is fully dis-
charged for 5 hours.

To determine the storage characteristics, two cycles of
charge and discharge were performed on each of the second-
ary batteries to determine the discharge capacity, and then
after each of the secondary batteries which was charged again
was stored for 10 days in a constant temperature bath at 80°
C., each of the secondary batteries was discharged in an
atmosphere at 23° C. to determine the discharge capacity.
Then, a high-temperature storage discharge capacity reten-
tion ratio (%)=(discharge capacity after storing/discharge
capacity before storing)x100 was determined by calculation.
The conditions of one cycle of charge and discharge were the
same as those in the case where the cycle characteristics were
determined.

In addition, in the following examples and the following
comparative examples, the steps and the conditions when
determining the cycle characteristics and the storage charac-
teristics were the same as those described above.

TABLE 1

Anode active material: artificial graphite

ROOM-TEMPERATURE HIGH-TEMPERATURE

CYCLE DISCHARGE ~ STORAGE DISCHARGE
SOLVENT CAPACITY CAPACITY
ELECTROLYTE SULFONE COMPOUND RETENTION RETENTION
SALT KIND KIND WT % RATIO (%) RATIO (%)

EXAMPLE 1-1  LiPFy EC+DEC  CHEMICAL 0.01 82 87

EXAMPLE1-2 1 molkg FORMULA 192) 1 84 )

EXAMPLE 1-3 2 85 )

EXAMPLE 1-4 5 84 88

EXAMPLE 1-5 10 82 86

EXAMPLE 1-6 CHEMICAL 1 86 )
FORMULA 19(1)

EXAMPLE 1-7 CHEMICAL 1 85 87
FORMULA 19(3)

EXAMPLE 1-8 CHEMICAL 1 83 88
FORMULA 19(4)

EXAMPLE 1-9 CHEMICAL 1 83 )
FORMULA 19(5)

COMPARATIVE  LiPFy EC+DEC — — 80 84

EXAMPLE 1-1 1 mol/kg

COMPARATIVE CHEMICAL 1 81 84

EXAMPLE 1-2 FORMULA 34
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As shown in Table 1, in Examples 1-1 to 1-9 in which the
solvent included the sulfone compound represented by
Chemical Formula 11 (the compound represented by Chemi-
cal Formula 19(1), 19(2), 19(3), 19(4) or 19(5)), a higher
room-temperature cycle discharge capacity retention ratio
and a higher high-temperature storage discharge capacity
retention ratio than those in Comparative Examples 1-1 and
1-2 in which the sulfone compound represented by Chemical
Formula 11 was not included were obtained.

More specifically, in Examples 1-1 to 1-5 in which the
solvent included the compound represented by Chemical For-
mula 19(2), compared to Comparative Example 1-1 in which
the solvent did not include the compound, the room-tempera-
ture cycle discharge capacity retention ratio and the high-
temperature storage discharge capacity retention ratio were
higher. In this case, when the content of the compound rep-
resented by Chemical Formula 19(2) in the solvent was
within a range from 0.01 wt % to 10 wt % both inclusive, a
high room-temperature cycle discharge capacity retention
ratio and a high high-temperature storage discharge capacity
retention ratio were obtained. When the content of the com-
pound represented by Chemical Formula 19(2) was smaller
than 0.01 wt % or larger than 10 wt %, the room-temperature
cycle discharge capacity retention ratio and the high-tem-
perature storage discharge capacity retention ratio were
greatly reduced, and when the content was larger than 10 wt
%, the capacity showed a tendency to be greatly reduced.

Moreover, in Examples 1-6 to 1-9 in which the solvent
included the compound represented by Chemical Formula
19(1) or the like, compared to Comparative Example 1-1 in
which the compound represented by Chemical Formula 19(1)
or the like was not included, the room-temperature cycle
discharge capacity retention ratio and the high-temperature
storage discharge capacity retention ratio were higher, and a
room-temperature cycle discharge capacity retention ratio
and a high-temperature storage discharge capacity retention
ratio which were substantially equal to those in Example 1-2
in which the compound represented by Chemical Formula
19(2) was included were obtained.

In particular, when Examples 1-2 and 1-6 in which the
sulfone compound represented by Chemical Formula 11 (the
compound represented by Chemical Formulas 19(1) or 19(2))
was included and Comparative Example 1-2 in which another
sulfone compound represented by Chemical Formula 34 was
included were compared with reference to the room-tempera-
ture cycle discharge capacity retention ratio and the high-
temperature storage discharge capacity retention ratio in
Comparative Example 1-1, the room-temperature cycle dis-
charge capacity retention ratio and the high-temperature stor-
age discharge capacity retention ratio were increased only
slightly in Comparative Example 1-2. However, they were
greatly increased in Examples 1-2 and 1-6. The result showed
that the sulfone compound represented by Chemical Formula
1T and the sulfone compound represented by Chemical For-
mula 34 had a commonality in that R1 in Chemical Formula
11 was a straight-chain alkylene group. However, to increase
the room-temperature cycle discharge capacity retention ratio
and the high-temperature storage discharge capacity reten-
tion ratio, Examples 1-2 and 1-6 (the number of carbon atoms
was 2 or less) had an overwhelming advantage over Com-
parative Example 1-2 (the number of carbon atoms was 3).
This tendency was the same in the case where R1 was a
straight-chain halogenated alkylene group.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where the anode 34
included artificial graphite as the anode active material, when
the solvent of the electrolytic solution included the sulfone
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compound represented by Chemical Formula 11, the cycle
characteristics and the storage characteristics were improved.
Moreover, it was confirmed that in the case where R1 in
Chemical Formula 11 was a straight-chain alkylene group or
a halogenated alkylene group, the number of carbon atoms
was 2 or less, so superior characteristics were obtained. In this
case, it was confirmed that when the content of the compound
represented by Chemical Formula 11 in the solvent was
within a range from 0.01 wt % to 10 wt % both inclusive,
superior characteristics were obtained, and when the content
was within a range from 1 wt % to 5 wt % both inclusive, the
characteristics were further improved.

Example 2-1

A secondary battery was formed by the same steps as those
in Example 1-2, except that as the solvent, propylene carbon-
ate (PC) was added. At that time, the mixture ratio of EC,
DEC and PC was a weight ratio of 20:60:20.

Examples 2-2 and 2-3

Secondary batteries were formed by the same steps as
those in Example 1-2, except that as the solvent, instead of
DEC, ethyl methyl carbonate (EMC: Example 2-2) or dim-
ethyl carbonate (DMC: Example 2-3) was used.

Examples 2-4 to 2-10

Secondary batteries were formed by the same steps as
those in Example 1-2, except that as the solvent, vinylene
carbonate (VC: Example 2-4) as the cyclic carbonate includ-
ing an unsaturated bond, 4-fluoro-1,3-dioxolane-2-one (FEC:
Example 2-5) as the cyclic carbonate represented by Chemi-
cal Formula 21 which included a halogen, trans-4,5-difluoro-
1,3-dioxolane-2-one (t-DFEC: Example 2-6), cis-4,5-dif-
luoro-1,3-dioxolane-2-one (c-DFEC: Example 2-7), bis
(fluoromethyl) carbonate (BFDMC: Example 2-8) as the
chain carbonate represented by Chemical Formula 20 which
included a halogen, propene sultone (PRS: Example 2-9) as
the sultone, or sulfobenzoid anhydride (SBAH: Example
2-10) as the acid anhydride was added. At that time, the
content of VC or the like in the solvent was 1 wt %.

Comparative Examples 2-1 and 2-2

Secondary batteries were formed by the same steps as
those in Examples 2-5 and 2-6, except that the compound
represented by Chemical Formula 19(2) was not added.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 2-1 to 2-10 and
Comparative Examples 2-1 and 2-2 were determined, results
shown in Table 2 were obtained.
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TABLE 2
Anode active material: artificial graphite
HIGH-
TEMPERATURE
ROOM-TEMPERATURE STORAGE
SOLVENT CYCLE DISCHARGE DISCHARGE
SULFONE CAPACITY RETENTION CAPACITY

ELECTROLYTE COMPOUND RATIO RETENTION RATIO

SALT KIND KIND WT % (%) (%)
EXAMPLE 1-2  LiPF¢ EC + DEC CHEMICAL 1 84 90
EXAMPLE 2-1 1 mol/kg EC+DEC+ FORMULA 85 92

PC
EXAMPLE 2-2 EC + EMC 19(2) 83 91
EXAMPLE 2-3 EC + DMC 86 91
EXAMPLE 2-4 EC+ VC 87 90
EXAMPLE 2-5 DEC FEC 88 86
EXAMPLE 2-6 t-DFEC 89 91
EXAMPLE 2-7 ¢-DFEC 90 90
EXAMPLE 2-8 BFDMC 88 91
EXAMPLE 2-9 PRS 86 92
EXAMPLE 2-10 SBAH 86 94
COMPARATIVE LiPF¢ EC+ — — — 80 84
EXAMPLE 1-1 1 mol/kg DEC
COMPARATIVE FEC 84 85
EXAMPLE 2-1
COMPARATIVE t-DFEC 85 85
EXAMPLE 2-2
35

As shown in Table 2, in Examples 2-1 to 2-3 in which the
solvent included the compound represented by Chemical For-
mula 19(2) and PC or the like, the room-temperature cycle
discharge capacity retention ratio and the high-temperature
storage discharge capacity retention ratio were higher than
those in Comparative Example 1-1 in which the compound
represented by Chemical Formula 19(2) was not included,
and a room-temperature cycle discharge capacity retention
ratio and a high-temperature storage discharge capacity
retention ratio which were substantially equal to those in
Example 1-2 in which PC or the like was not included were
obtained.

Moreover, in Examples 2-4 to 2-10 in which the solvent
included VC or the like, the room-temperature cycle dis-
charge capacity retention ratio was higher than that in
Example 1-2 in which VC or the like was not included, and the
high-temperature storage capacity retention ratio was equal
to or higher than that in Example 1-2. In this case, when FEC,
t-DFEC and ¢-DFEC were compared, there was a tendency
that in the case where t-DFEC or the like as a dihalogenated
carbonate was included, the room-temperature cycle dis-
charge capacity retention ratio and the high-temperature stor-
age discharge capacity retention ratio were higher than those
in the case where FEC as a monohalogenated carbonate was
included. In Examples 2-5 and 2-6 in which the solvent
included the compound represented by Chemical Formula
19(2), the room-temperature cycle discharge capacity reten-
tion ratio and the high-temperature storage discharge capac-
ity retention ratio were higher than those in Comparative
Examples 2-1 and 2-2 in which the compound represented by
Chemical Formula 19(2) was not included.
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Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the composition of the
solvent was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, even in the case where propylene carbonate or the like
was added to the solvent, high characteristics were obtained,
and when the cyclic carbonate including an unsaturated bond,
at least one kind selected from the group consisting of the
chain carbonate represented by Chemical Formula 20 which
included a halogen and the cyclic carbonate represented by
Chemical Formula 21 which included a halogen, the sultone
or the acid anhydride was added to the solvent, the character-
istics were further improved.

Examples 3-1 to 3-3

Secondary batteries were formed by the same steps as
those in Example 1-2, except that as the electrolyte salt,
lithium tetrafluoroborate (LiBF,: Example 3-1), the com-
pound represented by Chemical Formula 27(6) as the com-
pound represented by Chemical Formula 24 (Example 3-2),
or the compound represented by Chemical Formula 28(6) as
the compound represented by Chemical Formula 25 (Ex-
ample 3-3) was added. At that time, the concentration of
lithium hexafluorophosphate in the electrolytic solution was
0.9 mol/kg, and the concentration of lithium tetrafluoroborate
or the like was 0.1 mol/kg.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 3-1 to 3-3 were
determined, results shown in Table 3 were obtained.
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TABLE 3
Anode active material: artificial graphite
HIGH-TEMPERATURE
ROOM-TEMPERATURE STORAGE
SOLVENT CYCLE DISCHARGE DISCHARGE
SULFONE CAPACITY CAPACITY
ELECTROLYTE COMPOUND RETENTION RETENTION
SALT KIND KIND WT % RATIO (%) RATIO (%)
EXAMPLE 1-2 LiPFg EC+ CHEMICAL 1 84 90
1 mol/kg DEC FORMULA
EXAMPLE 3-1 LiPFg LiBF, 19(2) 86 92
0.9 mol/kg 0.1 mol/kg
EXAMPLE 3-2 LiPFg CHEMICAL 38 92
0.9 mol/kg FORMULA 27(6)
0.1 mol/kg
EXAMPLE 3-3 LiPFg CHEMICAL 86 91
0.9 mol/kg FORMULA 28(6)
0.1 mol/kg

As shown in Table 3, in Examples 3-1 to 3-3 in which the
electrolyte salt included lithium tetrafluoroborate or the like,
the room-temperature cycle discharge capacity retention ratio
and the high-temperature storage discharge capacity reten-
tion ratio were higher than those in Example 1-2 in which
lithium tetrafluoroborate or the like was not included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the kind of the electro-
lyte salt was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, when the electrolyte salt included lithium tetrafluorobo-
rate, the compound represented by Chemical Formula 24, or
the compound represented by Chemical Formula 25, charac-
teristics were further improved.

The result in the case where the electrolyte salt includes at
least one kind selected from the group consisting of lithium
perchlorate and lithium hexafluoroarsenate, the compound
represented by Chemical Formula 26, or at least one kind
selected from the group consisting of the compounds repre-
sented by Chemical Formulas 30 to 32 is not shown here.
However, lithium perchlorate or the like has the same func-
tions as lithium tetrafluoroborate, so it is obvious that even in
the case where lithium perchlorate or the like is included, the
same effects are obtained. The same holds for the case where
two or more electrolyte salts of the same kind or different
kinds are mixed.

Examples 4-1 to 4-5

Secondary batteries were formed by the same steps as
those in Examples 1-1 to 1-5, except that as the anode active
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material, instead of artificial graphite, silicon was used to
form the anode active material layer 34B. In the case where
the anode active material layer 34B was formed, silicon was
deposited on the anode current collector 34A by an electron
beam evaporation method.

Examples 4-6 to 4-9

Secondary batteries were formed by the same steps as
those in Example 4-3, except that instead of the compound
represented by Chemical Formula 19(2), the compound rep-
resented by Chemical Formula 19(1) (Example 4-6), the com-
pound represented by Chemical Formula 19(3) (Example
4-7), the compound represented by Chemical Formula 19(4)
(Example 4-8), or the compound represented by Chemical
Formula 19(5) (example 4-9) was used.

Comparative Examples 4-1, 4-2

Secondary batteries were formed by the same steps as
those in Comparative Examples 1-1 and 1-2, except that as in
the case of Examples 4-1 to 4-9, as the anode active material,
silicon was used to form the anode active material layer 34B.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 4-1 to 4-9 and
Comparative Examples 4-1 to 4-2 were determined, results
shown in Table 4 were obtained.

TABLE 4

Anode active material: silicon

ROOM-TEMPERATURE HIGH-TEMPERATURE

CYCLE DISCHARGE STORAGE DISCHARGE
SOLVENT CAPACITY CAPACITY
ELECTROLYTE SULFONE COMPOUND RETENTION RETENTION
SALT KIND KIND WT % RATIO (%) RATIO (%)
EXAMPLE 4-1 LiPF¢ EC+DEC  CHEMICAL 0.01 44 78
EXAMPLE 4-2 1 mol/kg FORMULA 19(2) 1 50 84
EXAMPLE 4-3 2 55 85
EXAMPLE 4-4 5 58 85
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TABLE 4-continued
Anode active material: silicon
ROOM-TEMPERATURE ~ HIGH-TEMPERATURE
CYCLE DISCHARGE ~ STORAGE DISCHARGE
SOLVENT CAPACITY CAPACITY
ELECTROLYTE SULFONE COMPOUND RETENTION RETENTION
SALT KIND KIND WT % RATIO (%) RATIO (%)
EXAMPLE 4-5 10 58 84
EXAMPLE 4-6 CHEMICAL 2 60 83
FORMULA 19(1)
EXAMPLE 4-7 CHEMICAL 2 58 84
FORMULA 19(3)
EXAMPLE 4-8 CHEMICAL 2 54 84
FORMULA 19(4)
EXAMPLE 4-9 CHEMICAL 2 52 82
FORMULA 19(5)
COMPARATIVE  LiPF, EC+DEC — — 41 75
EXAMPLE4-1 1 molkg
COMPARATIVE CHEMICAL 1 43 80
EXAMPLE 4-2 FORMULA 34
As shown in Table 4, in the case where silicon was used as Example 5-1

the anode active material, substantially the same results as
those shown in Table 1 were obtained. In other words, in
Examples 4-1 to 4-5 in which the solvent included the com-
pound represented by Chemical Formula 19(2), a higher
room-temperature cycle discharge capacity retention ratio
and a higher high-temperature storage discharge capacity
retention ratio than those in Comparative Examples 4-1 and
4-2 in which the compound represented by Chemical For-
mula 19(2) was not included were obtained, and in Examples
4-6 to 4-9 in which the solvent included the compound rep-
resented by Chemical Formula 19(1) or the like, a room-
temperature cycle discharge capacity retention ratio and a
high-temperature storage discharge capacity retention ratio
which were substantially equal to those in Example 4-3 in
which the compound represented by Chemical Formula 19(2)
was included were obtained. In this case, when the content of
the compound represented by Chemical Formula 19(2) in the
solvent was within a range from 0.01 wt % to 10 wt % both
inclusive, a high room-temperature cycle discharge capacity
retention ratio and a high high-temperature storage discharge
capacity retention ratio were obtained.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where the anode 34
included silicon as the anode active material, when the sol-
vent of the electrolytic solution included the sulfone com-
pound represented by Chemical Formula 11, the cycle char-
acteristics and the storage characteristics were improved. It
was confirmed that in this case, the content of the compound
represented by Chemical Formula 11 in the solvent was
within a range from 0.01 wt % to 10 wt % both inclusive,
superior characteristics were obtained, and when the content
was within a range from 1 wt % to 10 wt % both inclusive, the
characteristics were further improved.
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A secondary battery was formed by the same steps as those
in Example 4-3, except that as the solvent, PC was added. At
that time, the mixture ratio of EC, DEC and PC was a weight
ratio of 20:60:20.

Examples 5-2 and 5-3

Secondary batteries were formed by the same steps as
those in Example 4-3, except that as the solvent, instead of
DEC, EMC (Example 5-2) or DMC (Example 5-3) was used.

Example 5-4

A secondary battery was formed by the same steps as those
in Example 4-3, except that as the solvent, instead of EC, FEC
was used.

Examples 5-5 to 5-11

Secondary batteries were formed by the same steps as
those in Example 4-2, except that as the solvent, VC (Ex-
ample 5-5), FEC (Example 5-6), t-DFEC (Example 5-7),
¢-DFEC (Example 5-8), BFDMC (Example 5-9), PRS (Ex-
ample 5-10), or SBAH (Example 5-11) was added. At that
time, the content of VC or the like in the solvent was 5 wt %.

Comparative Examples 5-1 to 5-4

Secondary batteries were formed by the same steps as
those in Examples 5-4 to 5-7, except that the compound
represented by Chemical Formula 19(2) was not added.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Example 5-1 to 5-11 and
Comparative Examples 5-1 to 5-4 were determined, results
shown in Table 5 were obtained.
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53 54
TABLE 5
Anode active material: silicon
HIGH-
TEMPERATURE
ROOM-TEMPERATURE STORAGE
SOLVENT CYCLE DISCHARGE DISCHARGE
SULFONE CAPACITY RETENTION CAPACITY

ELECTROLYTE COMPOUND RATIO RETENTION RATIO

SALT KIND KIND WT % (%) (%)
EXAMPLE4-2  LiPFg EC + DEC CHEMICAL 1 50 84
EXAMPLE 4-3 1 mol/kg FORMULA 2 55 85
EXAMPLE 5-1 EC +DEC + PC 19(2) 2 56 86
EXAMPLE 5-2 EC + EMC 53 84
EXAMPLE 5-3 EC + DMC 54 84
EXAMPLE 5-4 FEC + DEC 84 38
EXAMPLE 5-5 EC+ VC 1 30 83
EXAMPLE 5-6 DEC FEC 64 86
EXAMPLE 5-7 t-DFEC 85 89
EXAMPLE 5-8 ¢-DFEC 85 89
EXAMPLE 5-9 BFDMC 67 85
EXAMPLE 5-10 PRS 52 38
EXAMPLE 5-11 SBAH 54 90
COMPARATIVE LiPFg EC + DEC — — 41 75
EXAMPLE 4-1 1 mol/kg
COMPARATIVE FEC + DEC 78 75
EXAMPLE 5-1
COMPARATIVE EC+ VC 70 79
EXAMPLE 5-2 DEC
COMPARATIVE FEC 58 76
EXAMPLE 5-3
COMPARATIVE t-DFEC 30 32
EXAMPLE 5-4

As shown in Table 5, in the case where silicon was used as
the anode active material, substantially the same results as
those shown in Table 2 were obtained. In other words, in
Examples 5-1 to 5-4 in which the solvent included the com-
pound represented by Chemical Formula 19(2) and PC or the
like, the room-temperature cycle discharge capacity retention
ratio and the high-temperature storage discharge capacity
retention ratio were higher than those in Comparative
Example 4-1 in which the compound represented by Chemi-
cal Formula 19(2) was not included, and a room-temperature
cycle discharge capacity retention ratio and a high-tempera-
ture discharge capacity retention ratio which were substan-
tially equal to or higher than those in Example 4-3 in which
PC or the like was not included were obtained. Moreover, in
Examples 5-5 to 5-11 in which the solvent included VC or the
like, the room-temperature cycle discharge capacity retention
ratio was higher than that in Example 4-2 in which VC or the
like was not included, and the high-temperature storage dis-
charge capacity retention ratio was substantially equal to or
higher than that in Example 4-2. In particular, there was a
tendency that the room-temperature cycle discharge capacity
retention ratio and the high-temperature storage discharge
capacity retention ratio in the case where t-DFEC as the
dihalogenated carbonate was included were higher than those
in the case where FEC as the monohalogenated carbonate was
included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the composition of the

40

50

55

60

65

solvent was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, even in the case where the propylene carbonate or the
like was added to the solvent, high characteristics were
obtained, and in the case where the cyclic carbonate including
anunsaturated bond, atleast one kind selected from the group
consisting of the chain carbonate represented by Chemical
Formula 20 which included a halogen and the cyclic carbon-
ate represented by Chemical Formula 21 which included a
halogen, the sultone, or the acid anhydride was added to the
solvent, the characteristics were further improved.

Examples 6-1 to 6-3

Secondary batteries were formed by the same steps as
those in Example 4-3, except that as the electrolyte salt,
LiBF, (Example 6-1), the compound represented by Chemi-
cal Formula 27(6) (Example 6-2), or the compound repre-
sented by Chemical Formula 28(6) (Example 6-3) was added.
At that time, the concentration of lithium hexafluorophos-
phate in the electrolytic solution was 0.9 mol/’kg, and the
concentration of lithium tetrafluoroborate or the like was 0.1
mol/kg.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 6-1 to 6-3 were
determined, results shown in Table 6 were obtained.
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Anode active material: silicon

HIGH-TEMPERATURE

ROOM-TEMPERATURE STORAGE
SOLVENT CYCLE DISCHARGE DISCHARGE
SULFONE CAPACITY RETENTION CAPACITY
COMPOUND RATIO RETENTION RATIO
ELECTROLYTE SALT KIND KIND WT % (%) (%)
EXAMPLE 4-3 LiPFg EC+ CHEMICAL 2 55 85
1 mol/kg DEC FORMULA
EXAMPLE 6-1 LiPFq LiBF, 19(2) 56 86
0.9 mol/kg 0.1 mol/kg
EXAMPLE 6-2 LiPFg CHEMICAL 58 88
0.9 mol/’kg FORMULA 27(6)
0.1 mol/kg
EXAMPLE 6-3 LiPFq CHEICAL 56 89
0.9 mol/’kg FORMULA 28(6)
0.1 mol/kg

As shown in Table 6, in the case where silicon was used as
the anode active material, the same results as those shown in
Table 3 were obtained. In other words, in Examples 6-1 to 6-3
in which the electrolyte salt included lithium tetrafluorobo-
rate or the like, the room-temperature cycle discharge capac-
ity retention ratio and the high-temperature storage discharge
capacity retention ratio were higher than those in Example
4-3 in which lithium tetrafluoroborate or the like was not
included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the kind of the electro-
lyte salt was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, when the electrolyte salt included lithium tetrafluorobo-
rate, the compound represented by Chemical Formula 24 or
the compound represented by Chemical Formula 25, the char-
acteristics were further improved.

It was confirmed from the above-described results shown
in Tables 1 to 6 that in the secondary battery according to the
embodiment, when the solvent of the electrolytic solution
included the sulfone compound represented by Chemical
Formula 11, irrespective of the kind of the anode active mate-
rial or the composition of the solvent, the cycle characteristics
and the storage characteristics were improved. It was con-
firmed that in this case, in the case where silicon (the material
being capable of inserting and extracting lithium and includ-
ing at least one kind selected from the group consisting of
metal elements and metalloid elements) was used as the
anode active material, the rate of increase of the discharge
capacity retention ratio was larger than that in the case where
the carbon material was used as the anode active material, so
a higher effect was obtained in the case where silicon was
used. It was considered that the result was obtained, because
when silicon which was advantageous to increase the capac-
ity was used as the anode active material, compared to the
case where the carbon material was used, the electrolytic
solution was easily decomposed, so the decomposition inhi-
bition effect of the electrolytic solution was exerted pro-
nouncedly.

Next, examples of the electrolytic solution and the second-
ary battery according to the second embodiment will be
described below.

Example 7-1

A laminate film type secondary battery shown in FIGS. 3
and 4 was formed using artificial graphite as the anode active
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material. Atthat time, the secondary battery was a lithium-ion
secondary battery in which the capacity of the anode 34 was
represented on the basis of insertion and extraction of lithium.

At first, the cathode 33 and the anode 34 were formed by
the same steps as those in Example 1-1.

Next, the electrolytic solution was prepared. At first, after
EC and DEC were mixed at a weight ratio of EC:DEC=30:70
to form a mixture, FEC as the halogenated carbonate (the
cyclic carbonate represented by Chemical Formula 37 which
included a halogen) and the compound represented by
Chemical Formula 46(2) as the sulfone compound (the com-
pound represented by Chemical Formula 35) were added to
and mixed with the mixture to form a solvent. At that time, the
content of FEC in the solvent was 1 wt %, and the content of
the compound represented by Chemical Formula 46(2) in the
solvent was 0.01 wt %. The “wt %" is a unit in the case where
the whole solvent was 100 wt %, and the same holds for the
following examples. Finally, as the electrolyte salt, lithium
hexafluorophosphate (LiPF ) was dissolved in the solvent. At
that time, the concentration of the electrolyte salt in the elec-
trolytic solution was 1 mol/kg.

Next, the laminate film type secondary battery was formed
using the cathode 33 and the anode 34 by the same steps as
those in Example 1-1.

Examples 7-2 to 7-5

Secondary batteries were formed by the same steps as
those in Examples 7-1, except that the content of the com-
pound represented by Chemical Formula 46(2) in the solvent
was 1 wt % (Example 7-2), 2 wto/o (Example 7-3), 5 wt %
(Example 7-4) or 10 wt % (Example 7-5).

Examples 7-6 to 7-12

Secondary batteries were formed by the same steps as
those in Example 7-2, except that instead of the compound
represented by Chemical Formula 46(2), the compound rep-
resented by Chemical Formula 46(1) (Example 7-6), the com-
pound represented by Chemical Formula 46(3) (Example
7-7), the compound represented by Chemical Formula 46(4)
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(Example 7-8), the compound represented by Chemical For-
mula 46(5) (Example 7-9), the compound represented by
Chemical Formula 46(6) (Example 7-10), the compound rep-
resented by Chemical Formula 46(7) (Example 7-11), or the
compound represented by Chemical Formula 46(8) (Example
7-12) was used.

Comparative Example 7-1
A secondary battery was formed by the same steps as those
in Example 7-1, except that FEC and the compound repre-
sented by Chemical Formula 46(2) were not included.
Comparative Example 7-2

A secondary battery was formed by the same steps as those
in Example 7-1, except that the compound represented by
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Comparative Examples 7-4 and 7-5

Secondary batteries were formed by the same steps as
those in Comparative Examples 7-1 and 7-3, except that as the
solvent, VC was added. At that time, the content of VC in the
solvent was 1 wt %.

When the cycle characteristics, the storage characteristics
and the swelling characteristics of the secondary batteries of
Examples 7-1 to 7-12 and Comparative Examples 7-1 to 7-5
were determined, results shown in Table 7 were obtained.

To determine the swelling characteristics, after two cycles
of charge and discharge were performed on each of the sec-
ondary batteries in an atmosphere at 23° C., each of the
secondary batteries was charged again, and the thickness of
each of the secondary batteries was determined. Then, after
each of the secondary batteries which was still in a charged
state was stored for 4 hours in a constant temperature bath at
90° C., the thickness of each of the secondary batteries was

Chemical F la46(2 t included.
emical Formula 46(2) was not include 2" determined. Then, swelling (mm)=(thickness after storage—
thickness before storage) was determined by calculation.
Comparative Example 7-3 In addition, in the following examples and the following
comparative examples, the steps and the conditions when
A secondary battery was formed by the same steps as those determining the cycle characteristics and the storage charac-
in Example 7-2, except that FEC was not included. teristics were the same as those described above.
TABLE 7

Anode active material: artificial graphite

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE  DISCHARGE
CAPACITY CAPACITY
SOLVENT RETENTION  RETENTION
ELECTROLYTE HALOGENATED _ SULFONE COMPOUND RATIO RATIO SWELLING
SALT KIND  CARBONATE KIND WT % (%) (%) (mm)
EXAMPLE 7-1 LiPF EC + FEC CHEMICAL 0.01 86 87 —
EXAMPLE 7-2 1 mol/kg DEC FORMULA 46(2) 1 ) 90 0.321
EXAMPLE 7-3 2 86 90 —
EXAMPLE 7-4 5 84 88 —
EXAMPLE 7-5 10 82 86 —
EXAMPLE 7-6 CHEMICAL 1 89 90 —
FORMULA 46(1)
EXAMPLE 7-7 CHEMICAL 1 86 87 —
FORMULA 46(3)
EXAMPLE 7-8 CHEMICAL 1 91 90 —
FORMULA 46(4)
EXAMPLE 7-9 CHEMICAL 1 91 90 —
FORMULA 46(5)
EXAMPLE 7-10 CHEMICAL 1 86 88 —
FORMULA 46(6)
EXAMPLE 7-11 CHEMICAL 1 85 90 —
FORMULA 46(7)
EXAMPLE 7-12 CHEMICAL 1 85 90 —
FORMULA 46(8)
COMPARATIVE LiPF EC + — — — 80 84 0.248
EXAMPLE 7-1 1 mol/kg DEC
COMPARATIVE FEC — — 84 85 0.500
EXAMPLE 7-2
COMPARATIVE — CHEMICAL 1 82 86 —
EXAMPLE 7-3 FORMULA 46(2)
COMPARATIVE EC + — — — 84 85 —
EXAMPLE 7-4 DEC +
COMPARATIVE ve — CHEMICAL 1 85 86 —
EXAMPLE 7-5 FORMULA 46(2)
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As shown in Table 7, in Examples 7-1 to 7-12 in which the
solvent included FEC and the compounds represented by
Chemical Formulas 46(1) to 46(8), compared to Comparative
Examples 7-1to 7-5 in which neither of them was included, or
only one of them was included, a substantially equal or higher
room-temperature cycle discharge capacity retention ratio
and a substantially equal or higher high-temperature storage
discharge capacity retention ratio were obtained.

More specifically, in Examples 7-1 to 7-5 in which the
solvent included FEC and the compound represented by
Chemical Formula 46(2), the room-temperature cycle dis-
charge capacity retention ratio and the high-temperature stor-
age discharge capacity retention ratio were higher than those
in Comparative Example 7-1 in which neither of them was
included. In this case, when the content of the compound
represented by Chemical Formula 46(2) in the solvent was
within a range from 0.01 wt % to 10 wt % both inclusive, a
high room-temperature cycle discharge capacity retention
ratio and a high high-temperature storage discharge capacity
retention ratio were obtained. When the content of the com-
pound represented by Chemical Formula 46(2) was smaller
than 0.01 wt % or larger than 10 wt %, the room-temperature
cycle discharge capacity retention ratio and the high-tem-
perature storage discharge capacity retention ratio were
greatly reduced, and when the content was larger than 10 wt
%, the capacity showed a tendency to be greatly reduced. In
Examples 7-6 to 7-12 in which the solvent included the com-
pound represented by Chemical Formula 46(1) or the like, the
results were the same as those described in Examples 7-1 to
7-5.

Moreover, in Examples 7-1 to 7-5, the room-temperature
cycle discharge capacity retention ratio was substantially
equal to or higher than that in Comparative Example 7-2 in
which the solvent included only FEC. However, the high-
temperature storage discharge capacity retention ratio was
higher than that in Comparative Example 7-2. In this case,
when the content of the compound represented by Chemical
Formula 46(2) was within a range from 0.01 wt % to 2 wt %
both inclusive, the room-temperature cycle discharge capac-
ity retention ratio was also higher.

Further, in Examples 7-2, and 7-6 to 7-12, compared to
Comparative Example 7-3 in which the solvent included only
the compound represented by Chemical Formula 46(2), the
room-temperature cycle discharge capacity retention ratio
and the high-temperature storage discharge capacity reten-
tion ratio were higher, and both values were a high 80’s
percent.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where the anode 34
included artificial graphite as the anode active material, when
the solvent of the electrolytic solution included both of the
sulfone compound and the halogenated carbonate, the cycle
characteristics and the storage characteristics were improved.
It was confirmed that in this case, when the content of the
compound represented by Chemical Formula 35 in the sol-
vent was within a range from 0.01 wt % to 10 wt % both
inclusive, superior characteristics were obtained.

Moreover, when Examples 7-2, 7-6 and 7-7 which had a
commonality in that R1 in Chemical Formula 35 was a
straight-chain alkylene group were compared, there was a
tendency that in Examples 7-2 and 7-6 in which the number of
carbon atoms in R1 was 2 or less, the room-temperature cycle
discharge capacity retention ratio and the high-temperature
storage discharge capacity retention ratio were higher than
those in Example 7-7 in which the number of carbon atoms in
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R1 was 3 or more. This tendency was the same in Examples
7-8 to 7-10 which had a commonality in that R1 was a halo-
genated alkylene group.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where R1 in Chemi-
cal Formula 35 was a straight-chain alkylene group or a
halogenated alkylene group, when the number of carbon
atoms was 2 or less, the cycle characteristics and the storage
characteristics were further improved.

Further, with reference to swelling in Comparative
Example 7-1 in which the solvent did not include FEC and the
compound represented by Chemical Formula 46(2), in Com-
parative Example 7-2 in which only FEC was included, swell-
ing was greatly increased, and in Example 7-2 in which FEC
and the compound represented by Chemical Formula 46(2)
were included, an increase in swelling was reduced.

This result showed the following. FEC had an advantage of
greatly increasing the room-temperature cycle discharge
capacity retention ratio. However, it was difficult for FEC to
greatly increase the high-temperature storage discharge
capacity retention ratio, and FEC had a disadvantage of
greatly increasing swelling. Moreover, the compound repre-
sented by Chemical Formula 46(2) had an advantage of pre-
venting swelling. However, the compound had a disadvan-
tage of being unable to greatly increase the room-temperature
cycle discharge capacity retention ratio and the high-tem-
perature storage discharge capacity retention ratio. On the
other hand, when FEC and the compound represented by
Chemical Formula 46(2) were used together, while swelling
was prevented, the room-temperature cycle discharge capac-
ity retention ratio and the high-temperature storage discharge
capacity retention ratio were greatly increased.

In Comparative Examples 7-4 and 7-5 in which the solvent
included VC, the room-temperature cycle discharge capacity
retention ratio and the high-temperature storage discharge
capacity retention ratio were higher than those in Compara-
tive Example 7-1, but the room-temperature cycle discharge
capacity retention ratio and the high-temperature storage dis-
charge capacity retention ratio in Comparative Examples 74
and 7-5 did not exceed those in Example 7-2 in which FEC
was included. This result showed that to increase the room-
temperature cycle discharge capacity retention ratio and the
high-temperature storage discharge capacity retention ratio,
FEC had an advantage over VC.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, when the sulfone compound
was used with the halogenated carbonate, not only the cycle
characteristics and the storage characteristics but also the
swelling characteristics were improved. It was confirmed that
in this case, a higher effect than that in the case where the
sulfone compound was used with the cyclic carbonate includ-
ing an unsaturated bond was obtained.

The result in the case where the solvent includes fluorom-
ethyl methyl carbonate is not shown here. However, fluorom-
ethyl methyl carbonate has the same functions as FEC, so it is
obvious that even in the case where fluoromethyl methyl
carbonate is included, the same effects are obtained. The
same holds for the case where two or more above-described
halogenated carbonates of the same kind or different kinds are
mixed.

Examples 8-1 and 8-2

Secondary batteries were formed by the same steps as
those in Example 7-2, except that as the halogenated carbon-
ate (the cyclic carbonate represented by Chemical Formula 37
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which included a halogen), instead of FEC, t-DFEC (Ex-
ample 8-1) or ¢c-DFEC (Example 8-2) was used.

Example 8-3

A secondary battery was formed by the same steps as those
in Example 8-2, except that as the halogenated carbonate (the
chain carbonate represented by Chemical Formula 36 which
included a halogen), BFDMC was added. At that time, the
content of BFDMC in the solvent was 1 wt %.

Comparative Example 8

A secondary battery was formed by the same steps as those
in Example 8-1, except that the compound represented by
Chemical Formula 46(2) was not included.

When the cycle characteristics, the storage characteristics
and the swelling characteristics of the secondary batteries of
Examples 8-1 to 8-3 and Comparative Example 8 were deter-
mined, results shown in Table 8 were obtained.
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cycle discharge capacity retention ratio and the high-tem-
perature storage discharge capacity retention ratio over FEC,
t-DFEC or the like had a disadvantage of greatly increasing
swelling. However, when t-DFEC or the like was used with
the compound represented by Chemical Formula 46(2), while
swelling was prevented, the room-temperature cycle dis-
charge capacity retention ratio and the high-temperature stor-
age discharge capacity retention ratio were greatly increased.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the kind of the haloge-
nated carbonate was changed, the cycle characteristics, the
storage characteristics and the swelling characteristics were
improved. It was confirmed that in this case, when the diha-
logenated carbonate rather than the monohalogenated car-
bonate was used as the halogenated carbonate, the character-
istics were further improved.

Example 9-1

A secondary battery was formed by the same steps as those
in Example 7-2, except that as the solvent, propylene carbon-

TABLE 8

Anode active material: artificial graphite

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE  DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION  RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO SWELLING
SALT KIND CARBONATE KIND WT % (%) (%) (mm)
EXAMPLE 7-2 LiPFg EC + FEC CHEMICAL 1 90 90 0.321
EXAMPLE 8-1 1 mol/kg DEC t-DFEC FORMULA 92 91 0.401
EXAMPLE 8-2 ¢-DFEC 46(2) 92 90 —
EXAMPLE 8-3 FEC + BFDMC 92 91 —
COMPARATIVE LiPFg EC + — — — 80 84 0.248
EXAMPLE 7-1 1 mol/kg DEC
COMPARATIVE t-DFEC — — 85 85 0.851
EXAMPLE 8

As shown in Table 8, in Examples 8-1 and 8-2 in which the
solvent included T-DFEC or the like, compared to Example
7-2 in which FEC was included, the room-temperature cycle
discharge capacity retention ratio was higher, and the high-
temperature storage discharge capacity retention ratio was
equal or higher. In Example 8-1 in which the solvent included
the compound represented by Chemical Formula 46(2), the
room-temperature cycle discharge capacity retention ratio
and high-temperature storage discharge capacity retention
ratio were higher than those in Comparative Example 8 in
which the compound represented by Chemical Formula 46(2)
was not included. In Example 8-3 in which the solvent
included FEC and BFDMC, a room-temperature cycle dis-
charge capacity retention ratio and a high-temperature stor-
age discharge capacity retention ratio which were substan-
tially equal to those in Examples 8-1 and 8-2 in which t-DFEC
or the like was included were obtained.

With reference to swelling in Comparative Example 8 in
which the solvent did not include FEC and the compound
represented by Chemical Formula 46(2), in Comparative
Example 8 in which only t-DFEC was included, swelling was
greatly increased, but in Example 8-1 in which t-DFEC and
the compound represented by Chemical Formula 46(2) were
included, an increase in swelling was reduced.

These result showed the following. Although t-DFEC or
the like had an advantage of increasing the room-temperature
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ate (PC) was added. At that time, the mixture ratio of EC,
DEC and PC was a weight ratio of 20:60:20.

Examples 9-2 and 9-3

Secondary batteries were formed by the same steps as
those in Example 7-2, except that as the solvent, instead of
DEC, EMC (Example 9-2) or DMC (Example 9-3) was used.

Examples 9-4 and 9-5

Secondary batteries were formed by the same steps as
those in Example 7-2, except that as the solvent, PRS (Ex-
ample 9-4) as the sultone or SBAH (Example 9-5) as the acid
anhydride was added. At that time, the content of PRS or the
like in the solvent was 1 wt %.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 9-1 to 9-5 were
determined, results shown in Table 9 were obtained.
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TABLE 9
Anode active material: artificial graphite
ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO

SALT KIND CARBONATE KIND WT % (%) (%)

EXAMPLE 7-2 LiPFq — FEC CHEMICAL 1 90 90

EXAMPLE 9-1 1 mol/kg EC + DEC + FORMULA 89 92

PC 46(2)

EXAMPLE 9-2 EC+ 89 38
EMC

EXAMPLE 9-3 EC+ 89 86
DMC

EXAMPLE 9-4 EC + DEC + 90 92

PRS

EXAMPLE 9-5 EC + DEC + 92 94

SBAH

As shown in Table 9, in Examples 9-1 to 9-5 in which the
solvent included PC or the like, compared to Example 7-2 in
which PC or the like was not included, the room-temperature
cycle discharge capacity retention ratio and the high-tem-
perature storage discharge capacity retention ratio were sub-
stantially equal or higher, and were a high 80’s percent or
higher. In this case, in Examples 9-1, 94 and 9-5 in which PC
or the like was added in the solvent, compared to Examples
9-2 and 9-3 in which EMC or the like was substituted for a
part of the solvent, the room-temperature cycle discharge
capacity retention ratio was equal or higher, and the high-
temperature storage discharge capacity retention ratio was
higher.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the composition of the
solvent was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, when PC or the like was added to the solvent, the
characteristics were further improved.
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Examples 10-1 to 10-3

Secondary batteries were formed by the same steps as
those in Example 7-2, except that as the electrolyte salt,
lithium tetrafluoroborate (Example 10-1), the compound rep-
resented by Chemical Formula 27(6) as the compound repre-
sented by Chemical Formula 24 (Example 10-2) or the com-
pound represented by Chemical Formula 33(1) as the
compound represented by Chemical Formula 31 (Example
10-3) was added. At that time, the concentration of lithium
hexafluorophosphate in the electrolytic solution was 0.9 mol/
kg, and the concentration of lithium tetrafluoroborate or the
like was 0.1 mol/kg.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 10-1 to 10-3
were determined, results shown in Table 10 were ob-
tained.

TABLE 10

Anode active material: artificial graphite

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO
SALT KIND CARBONATE KIND WT % (%) (%)
EXAMPLE 7-2 LiPFg EC+ FEC CHEMICAL 1 90 90
1 mol/kg DEC FORMULA
EXAMPLE 10-1 LiPFg LIBF, 46(2) 90 92
0.9 mol/kg 0.1 mol/kg
EXAMPLE 10-2 LiPF,  CHEMICAL 91 92
0.9 mol/’kg FORMULA
27(6)
0.1 mol/kg
EXAMPLE 10-3 LiPF; ~ CHEMICAL 90 91

0.9 mol’kg FORMULA
33(1)
0.1 mol/kg
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As shown in Table 10, in Examples 10-1 to 10-3 in which
the electrolyte salt included lithium tetrafluoroborate or the
like, compared to Example 7-2 in which lithium tetrafluo-
roborate or the like was not included, the room-temperature
cycle discharge capacity retention ratio was equal or higher,
and the high-temperature storage discharge capacity reten-
tion ratio was higher.

Therefore, it was confirmed in the secondary battery
according to the embodiment, even if the kind of the electro-
lyte salt was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
case, when the electrolyte salt included lithium tetrafluorobo-
rate, the compound represented by Chemical Formula 24 or
the compound represented by Chemical Formula 31, the char-
acteristics were further improved.

The result in the case where the electrolyte salt includes at
least one kind selected from the group consisting of lithium
perchlorate and lithium hexafluoroarsenate, at least one kind
selected from the group consisting of the compounds repre-
sented by Chemical Formulas 25 and 26, or at least one kind
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the case where two or more above-described electrolyte salts
of the same kind or different kinds are mixed.

Examples 11-1 to 11-12

Secondary batteries were formed by the same steps as
those in Examples 7-1 to 7-12, except that as the anode active
material, instead of artificial graphite, silicon was used to
form the anode active material layer 34B, and the content of
FEC was changed to 5 wt %. In the case where the anode
active material layer 34B was formed, silicon was deposited
on the anode current collector 34A by an electron beam
evaporation method.

10

Comparative Examples 11-1 to 11-5
15
Secondary batteries were formed by the same steps as
those in Comparative Examples 7-1 to 7-5, except that as in
the case of Examples 11-1 to 11-12, as the anode active
material, silicon was used to form the anode active material

selected from the group consisting of the compounds repre- -° layer 34B. o o
sented by Chemical Formulas 30 and 31 is not shown here. When the cycle characteristics, the storage characteristics
However, lithium perchlorate or the like has the same func- and the swelling characteristics of the secondary batteries of
tions as lithium tetrafluoroborate or the like, so it is obvious Examples 11-1 to 11-12 and Comparative Examples 11-1 to
that even in the case where lithium perchlorate or the like is 11-5 were determined, results shown in Table 11 were
included, the same effects are obtained. The same holds for obtained.

TABLE 11

Anode active material: silicon

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE  DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION  RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO SWELLING
SALT KIND CARBONATE KIND WT % (%) (%) (mm)
EXAMPLE 11-1 LiPF EC + FEC CHEMICAL 0.01 60 87 —
EXAMPLE 11-2 1 mol/kg DEC FORMULA 1 64 90 0.425
EXAMPLE 11-3 46(2) 2 69 90 —
EXAMPLE 11-4 5 73 88 —
EXAMPLE 11-5 10 76 88
EXAMPLE 11-6 CHEMICAL 1 69 90 —
FORMULA
46(1)
EXAMPLE 11-7 CHEMICAL 1 60 87 —
FORMULA
46(3)
EXAMPLE 11-8 CHEMICAL 1 67 88 —
FORMULA
46(4)
EXAMPLE 11-9 CHEMICAL 1 65 88 —
FORMULA
46(5)
EXAMPLE 11- CHEMICAL 1 62 88 —
10 FORMULA
46(6)
EXAMPLE 11- CHEMICAL 1 60 87 —
11 FORMULA
46(7)
EXAMPLE 11- CHEMICAL 1 61 87 —
12 FORMULA
46(8)
COMPARATIVE LiPF EC + — — — 41 82 0.267
EXAMPLE 11-1 1 mol/kg DEC
COMPARATIVE FEC — — 58 86 0.601
EXAMPLE 11-2
COMPARATIVE — CHEMICAL 1 50 86 —
EXAMPLE 11-3 FORMULA
46(2)
COMPARATIVE EC + — — — 70 85 —
EXAMPLE 11-4 DEC +
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TABLE 11-continued
Anode active material: silicon
ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO SWELLING
SALT KIND CARBONATE KIND WT % (%) (%) (mm)
COMPARATIVE vC — CHEMICAL 1 68 85 —
EXAMPLE 11-5 FORMULA
46(2)

As shown in Table 11, in the case where silicon was used as
the anode active material, substantially the same results as

compound and the halogenated carbonate, the cycle charac-
teristics and the storage characteristics were improved. It was

those shown in Table 7 were obtained. In other words, inthe 20 confirmed thatinthis case, when the content ofthe compound
case where the solvent included FEC and the compounds represented by Chemical Formula 35 in the solvent was
represented by Chemical Formulas 46(1) to 46(8), when the within a range from 0.01 wt % to 10 wt % both inclusive,
content of the compound represented by Chemical Formula superior characteristics were obtained, and in the case where
46(2) in the solvent was 0.01 wt % to 10 wt % both inclusive, R1 in Chemical Formula 35 was a straight-chain alkylene
a room-temperature cycle discharge capacity retention ratio ,5 group or a halogenated alkylene group, when the number of
and a high-temperature storage discharge capacity retention carbon atoms was 2 or less, the characteristics were further
ratio which were substantially equal to or higher than thosein  jmproved. Moreover, it was confirmed that when the sulfone
the case where neither of them was included, or the case compound was used with the halogenated carbonate, not only
g\iirivci?elr}l] &’gigg;?igﬁg:iﬁgﬁéugzg :Vféfni’ﬁéi;?g; ?ﬁ?ﬁ; the cycle characteristics and the storage characteristics but
R1 in Chemical Formula 35 was a straight-chain alkylene 3° also the swelling characteristics were improved.
group or a halogenat@d alkylene group were compared, there Examples 12-1 to 12-3
was a tendency that in the case where the number of carbon
atoms in R1 was 2 or less, the room-temperature cycle dis- .
charge capacity retention ratio and the high-temperature stor- Secgndary batteries were formed by the same steps as
age discharge capacity retention ratio were equal to or higher 35 those in Examples 8-1 to 8-3, except that as in the case of
than those in the case where the number of carbon atoms in R1 Examples 11-1 to 11-12, silicon was used as the anode active
is 3 or more. Further, with reference to swelling in the case material to form the anode active material layer 34B, and the
where the solvent did not include FEC and the compound content of t-DFEC or the like was changed to 5 wt %.
represented by Chemical Formula 46(2), in the case where
only FEC was included, swelling was greatly increased. Comparative Example 12
However, in the case where FEC and the compound repre-
;ented by Chemical Formula 46(2) Were.included, an increase A secondary battery was formed by the same steps as those
in swelling was reduced. In particular, in the case where the . - -

. . in Comparative Example 8, except that as in the case of
solvent included VC, the room-temperature cycle discharge B 1es 11-1 to 11-12. sili das th a .
capacity retention ratio and the high-temperature storage dis- xamples 11-1to 11-12, sthcon was used as the anode active
charge capacity retention ratio did not exceed those in the 43 material to form the anode active material layer 34B, and the
case where FEC was included. content of t-DFEC was changed to 5 wt %.

Therefore, it was confirmed in the secondary battery When the cycle characteristics, the storage characteristics
according to the embodiment, in the case where the anode 34 and the swelling characteristics of the secondary batteries of
included silicon as the anode active material, when the sol- Examples 12-1 to 12-3 and Comparative Example 12 were
vent of the electrolytic solution included both of the sulfone determined, results shown in Table 12 were obtained.

TABLE 12

Anode active material: silicon

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE  DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION  RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO SWELLING
SALT KIND CARBONATE KIND WT % (%) (%) (mm)
EXAMPLE 11-2 LiPF — FEC CHEMICAL 1 64 90 0.425
EXAMPLE 12-1 1 mol/kg EC + t-DFEC FORMULA 84 91 0.531
EXAMPLE 12-2 DEC ¢-DFEC 46(2) 83 90 —
EXAMPLE 12-3 FEC + BFDMC 64 88 —
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TABLE 12-continued
Anode active material: silicon
ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO SWELLING
SALT KIND CARBONATE KIND WT % (%) (%) (mm)
COMPARATIVE LiPFq EC + — — — 41 82 0.267
EXAMPLE 11-1 1 mol/kg DEC
COMPARATIVE t-DFEC — — 80 85 0.866
EXAMPLE 12

As shown in Table 12, in the case where silicon was used as
the anode active material, substantially the same results as
those in Table 8 were obtained. In other words, in the case
where the solvent included t-DFEC or the like, compared to
the case where FEC was included, the room-temperature
cycle discharge capacity retention ratio was higher, and the
high-temperature storage discharge capacity retention ratio
was equal or higher. In the case where the solvent included the
compound represented by Chemical Formula 46(2), the
room-temperature cycle discharge capacity retention ratio
and the high-temperature storage discharge capacity reten-
tion ratio were higher than those in the case where the com-
pound represented by Chemical Formula 46(2) was not
included. In the case where the solvent included FEC and
BFDMC, aroom-temperature cycle discharge capacity reten-
tion ratio and a high-temperature storage discharge capacity
retention ratio which were substantially equal to those in the
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istics, the storage characteristics and the swelling character-
istic were improved. It was confirmed that in this case, when
the dihalogenated carbonate rather than the monohalogenated
carbonate was used as the halogenated carbonate, the char-
acteristics were further improved.

Examples 13-1 to 13-5

Secondary batteries were formed by the same steps as
those in Examples 9-1 to 9-5, except that as in the case where
Examples 11-1 to 11-12; silicon was used as the anode active
material to form the anode active material layer 34B, and the
content of FEC was changed to 5 wt %.

When the cycle characteristics and the storage character-
istics of the secondary batteries of Examples 13-1 to 13-5
were determined, results shown in Table 13 were obtained.

TABLE 13

Anode active material: silicon

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE  DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION  RETENTION
ELECTROLYTE HALOGENATED COMPOUND RATIO RATIO
SALT KIND CARBONATE KIND WT % (%) (%)
EXAMPLE 11-2 LiPF — FEC CHEMICAL 1 64 90
EXAMPLE 13-1 1 mol/kg EC + DEC + FORMULA 64 92
PC 46(2)
EXAMPLE 13-2 EC+ 63 88
EMC
EXAMPLE 13-3 EC+ 63 86
DMC
EXAMPLE 13-4 EC + DEC + 64 92
PRS
EXAMPLE 13-5 EC + DEC + 66 94
SBAH

case where t-DFEC or the like was included were obtained: In
the case where the solvent included only t-DFEC, swelling
was greatly increased. However, in the case where t-DFEC
and the compound represented by Chemical Formula 46(2)
were included, an increase in swelling was reduced.
Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where the kind of
the halogenated carbonate was changed, the cycle character-
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As shown in Table 13, in the case where silicon was used as
the anode active material, substantially the same results as
those in Table 9 were obtained. In other words, in the case
where the solvent included PC or the like, compared to the
case where PC or the like was not included, the room-tem-
perature cycle discharge capacity retention ratio and the high-
temperature storage discharge capacity retention ratio were
substantially equal or higher. In this case, in the case where
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PC or the like was added to the solvent, compared to the case
where EMC or the like was substituted for a part of the
solvent, the room-temperature cycle discharge capacity
retention ratio was equal or higher, and the high-temperature
storage discharge capacity retention ratio was higher.
Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the composition of the
solvent was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this

72
case, when the electrolyte salt included lithium tetrafluorobo-
rate, the compound represented by Chemical Formula 24 or
the compound represented by Chemical Formula 31, the
cycle characteristics and the storage characteristics were fur-
ther improved.

It was confirmed from the above-described results shown
in Tables 7 to 14 that in the secondary battery according to the
embodiment, the solvent of the electrolytic solution included
the sulfone compound represented by Chemical Formula 35

case, when the PC or the like was added to the solvent, the 10

characteristics were further improved. and at least one kind selected from the group consisting of the
chain carbonate represented by Chemical Formula 36 which
included a halogen and the cycle carbonate represented by
Chemical Formula 37 which included a halogen, irrespective
Examples 14-1 to 14-3 > of the kind of the anode active material or the composition of
. the solvent, the battery characteristics such as the cycle char-
Secpndary batteries were formed by the same steps as acteristics, the storage characteristics and the swelling char-

those in Examples 10-1 to 10-3, except that as in the case of . . oo
Fixamples 11-1 to 11-12, silicon was used as the anode active acteristics were improved. It was confirmed that in this case,
material to form the anO,de active material layer 34B, and the 20 in the case where silicon (the material being capable of insert-
content of the FEC was changed to 5 wt %. ing and extracting lithium and including at least one kind
When the cycle characteristics and the storage character- selected from metal elements and metalloid elements) was
istics of the secondary batteries of Examples 14-1 to 14-3 used as the anode active material, the rate of increase of the
were determined, results shown in Table 14 were obtained. discharge capacity retention ratio was larger than that in the

TABLE 14

Anode active material: silicon

ROOM- HIGH-
TEMPERATURE TEMPERATURE
CYCLE STORAGE
DISCHARGE DISCHARGE
SOLVENT CAPACITY CAPACITY
SULFONE RETENTION RETENTION
HALOGENATED COMPOUND RATIO RATIO
ELECTROLYTE SALT KIND CARBONATE KIND WT % (%) (%)
EXAMPLE 11-2 LiPFq EC+ FEC CHEMICAL 1 64 90
1 mol/kg DEC FORMULA
EXAMPLE 14-1 LiPFq LIBF, 46(2) 64 92
0.9 mol/’kg 0.1 mol/kg
EXAMPLE 14-2 LiPFs  CHEMICAL 68 92
0.9 mol/kg  FORMULA
27(6)
0.1 mol/kg
EXAMPLE 14-3 LiPFs  CHEMICAL 64 91

0.9 mol/kg  FORMULA
33(1)
0.1 mol/kg

As shown in Table 14, in the case where silicon was used as 55 case where the carbon material was used as the anode active

the anode active material, the same results as those in Table 10
were obtained. In other words, in the case where the electro-
lyte salt included lithium tetrafluoroborate or the like, com-
pared to the case where lithium tetrafluoroborate or the like
was not included, the room-temperature cycle discharge
capacity retention ratio was equal or higher, and the high-
temperature storage discharge capacity retention ratio was
higher.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, even if the kind of the electro-
lyte salt was changed, the cycle characteristics and the storage
characteristics were improved. It was confirmed that in this
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material, so a higher effect was obtained in the case where
silicon was used. It was considered that the result was
obtained, because when silicon which was advantageous to
increase the capacity was used as the anode active material,
compared to the case where the carbon material was used, the
electrolytic solution was easily decomposed, so the decom-
position inhibition effect of the electrolytic solution was
exerted pronouncedly.

Finally, examples of the electrolytic solution and the sec-
ondary battery according to the third embodiment will be
described below.
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Example 15-1

A laminate film type secondary battery shown in FIGS. 3
and 4 was formed using artificial graphite as the anode active
material. At that time, the secondary battery was a lithium-ion
secondary battery in which the capacity of the anode 34 was
represented on the basis of insertion and extraction of lithium.

At first, the cathode 33 and the anode 34 were formed by
the same steps as those in Example 1-1.

Next, after EC, DEC and the compound represented by
Chemical Formula 50(7) as the sulfone compound repre-
sented by Chemical Formula 49 were mixed to form a solvent,
lithium hexafluorophosphate as the electrolyte salt was dis-
solved in the solvent to form the electrolytic solution. At that
time, the mixture ratio of EC and DEC was a weight ratio of
30:70, and the content of the compound represented by
Chemical Formula 50(7) in the solvent was 0.01 wt %, and the
concentration of the electrolyte salt in the electrolytic solu-
tion was 1 mol/kg. The “wt % is a unit in the case where the
whole solvent was 100 wt %, and the same holds for the
following examples.

Next, the laminate film type secondary battery was formed
using the cathode 33 and the anode 34 by the same steps as
those in Example 1-1.

Examples 15-2 to 15-4

Secondary batteries were formed by the same steps as
those in Example 15-1, except that the content of the com-
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15-6), or the compound represented by Chemical Formula
52(1) (Example 15-7) was used.

Comparative Example 15-1

A secondary battery was formed by the same steps as those
in Example 15-1, except that the compound represented by
Chemical Formula 50(7) was not added.

Comparative Examples 15-2 to 15-4

Secondary batteries were formed by the same steps as
those in Example 15-2, except that instead of the sulfone
compound represented by Chemical Formula 49 (the com-
pound represented by Chemical Formula 50(7)), the sulfone
compound represented by Chemical Formula 53 (Compara-
tive Example 15-2), the sulfone compound represented by
Chemical Formula 54 (Comparative Example 15-3) or the
sulfone compound represented by Chemical Formula 55
(Comparative Example 15-4) was used.

When the cycle characteristics of the secondary batteries of
Examples 15-1 to 15-7 and Comparative Examples 15-1 to
154 were determined, results shown in Table 15 were
obtained.

TABLE 15

Anode active material: artificial graphite

SOLVENT
SULFONE DISCHARGE CAPACITY
ELECTROLYTE COMPOUND RETENTION RATIO
SALT KIND KIND WT % (%)

EXAMPLE 15-1 LiPF EC+DEC  CHEMICAL 0.01 83

EXAMPLE 15-2 1 mol/kg FORMULA 50(7) 1 87

EXAMPLE 15-3 2 87

EXAMPLE 15-4 5 85

EXAMPLE 15-5 CHEMICAL 1 85
FORMULA 50(1)

EXAMPLE 15-6 CHEMICAL 1 89
FORMULA 51(6)

EXAMPLE 15-7 CHEMICAL 1 85
FORMULA 52(1)

COMPARATIVE LiPF, EC + DEC — — 80

EXAMPLE 15-1 1 mol/kg

COMPARATIVE CHEMICAL 1 78

EXAMPLE 15-2 FORMULA 53

COMPARATIVE CHEMICAL 1 76

EXAMPLE 15-3 FORMULA 54

COMPARTIVE CHEMICAL 1 78

EXAMPLE 15-4 FORMULA 55

pound represented by Chemical Formula 50(7) in the solvent
was 1 wt % (Example 15-2), 2 wt % (Example 15-3) or 5 wt
% (Example 15-4).

Examples 15-5 to 15-7

Secondary batteries were formed by the same steps as
those in Example 15-2, except that instead of the compound
represented by Chemical Formula 50(7), the compound rep-
resented by Chemical Formula 50(1) (Example 15-5), the
compound represented by Chemical Formula 51(6) (Example
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As shown in Table 15, in Examples 15-1 to 15-7 in which
the solvent included the sulfone compound represented by
Chemical Formula 49 (the compound represented by Chemi-
cal Formula 50(7) or the like), compared to Comparative
Example 15-1 in which the sulfone compound represented by
Chemical Formula 49 was not included or Comparative
Examples 15-2 to 15-4 in which other sulfone compounds
represented by Chemical Formulas 53 to 55 were included,
the discharge capacity retention ratio was higher. This result
showed that to improve the discharge capacity retention ratio,
the sulfone compound represented by Chemical Formula 49
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was more advantageous than other sulfone compounds rep-
resented by Chemical Formulas 53 to 55. More specifically,
with reference to the discharge capacity retention ratio in
Comparative Example 15-1 in which the solvent did not
include any of the sulfone compounds, in Comparative
Examples 15-2 to 154 in which other sulfone compounds
represented by Chemical Formulas 53 to 55 were included,
the discharge capacity retention ratio was reduced. However,
in Examples 15-1 to 15-7 in which the sulfone compound
represented by Chemical Formula 49 was included, the dis-
charge capacity retention ratio was higher. In other words, in
spite of a commonality in that the sulfone compounds repre-
sented by Chemical Formulas 49 and 53 to 55 had a sulfonyl
fluoride type structure, the other sulfone compounds repre-
sented by Chemical Formulas 53 to 55 caused a decline in the
discharge capacity retention ratio. However, the sulfone com-
pound represented by Chemical Formula 49 caused an
increase in the discharge capacity retention ratio. The result
showed that to increase the discharge capacity retention ratio,
the sulfone compound having a sulfonyl fluoride type struc-
ture preferably had a chain group including an unsaturated
carbon bond.

In particular, when attention was focused on the content of
the compound represented by Chemical Formula 50(7) in the
solvent, in the case where the content was within a range from
0.01 wt % to 5 wt % both inclusive, a high discharge capacity
retention ratio was obtained. In this case, there was a tendency
that when the content was smaller than 0.01 wt % or larger
than 5 wt %, the discharge capacity retention ratio was greatly
reduced, and in the case where the content was larger than 5
wt %, the capacity was also greatly reduced.
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% both inclusive, more specifically within a range from 1 wt
% to 2 wt % both inclusive, the characteristics were further
improved.

Examples 16-1 to 16-6

Secondary batteries were formed by the same steps as
those in Example 15-2, except that as the solvent, VC (Ex-
ample 16-1), FEC (Example 16-2), t-DFEC (Example 16-3),
c¢-DFEC (Example 16-4), PRS (Example 16-5) or SBAH
(Example 16-6) was added. At that time, the content of VC or
the like in the solvent was 1 wt %.

Examples 16-7 and 16-8

Secondary batteries were formed by the same steps as
those in Examples 16-2 and 16-3, except that as the solvent,
PC was added. At that time, the mixture ratio of EC, DEC and
PC was a weight ratio of 20:70:10.

Comparative Examples 16-1 and 16-2

Secondary batteries were formed by the same steps as
those in Examples 16-1 and 16-2, except that the compound
represented by Chemical Formula 50(7) was not added.

When the cycle characteristics of the secondary batteries of
Examples 16-1 to 16-8 and Comparative Examples 16-1 and
16-2 were determined, results shown in Table 16 were
obtained.

TABLE 16

Anode active material: artificial graphite

SOLVENT DISCHARGE
SULFONE CAPACITY
ELECTROLYTE COMPOUND RETENTION
SALT KIND KIND WT % RATIO (%)
EXAMPLE 15-2 LiPF¢ EC + DEC CHEMICAL 1 87
EXAMPLE 16-1 1 mol/kg EC + VC  FORMULA 50(7) 90
EXAMPLE 16-2 DEC FEC 91
EXAMPLE 16-3 t-DFEC 92
EXAMPLE 16-4 ¢-DFEC 92
EXAMPLE 16-5 PRS 89
EXAMPLE 16-6 SBAH 90
EXAMPLE 16-7 EC + FEC 91
EXAMPLE 16-8 DEC + t-DFEC 92
PC
COMPARATIVE LiPF¢ EC + vC — — 87
EXAMPLE 16-1 1 mol/kg DEC
COMPARATIVE FEC 88

EXAMPLE 16-2

Therefore, it was confirmed that in the secondary battery
according to the embodiment, in the case where the anode 34
included artificial graphite as the anode active material, when
the solvent of the electrolytic solution included the sulfone
compound represented by Chemical Formula 49, the cycle
characteristics were improved. It was confirmed that in this
case, the content of the sulfone compound represented by
Chemical Formula 49 was within a range from 0.01 wt % to
5 wt % both inclusive, superior characteristics were obtained,
and when the content was within a range from 1 wt % to 5 wt
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As shown in Table 16, in Examples 16-1 to 16-8 in which
the solvent included VC or the like, the discharge capacity
retention ratio was higher than that in Example 15-2 in which
VC or the like was not included. In this case, when FEC,
t-DFEC and ¢-DFEC were compared, there was a tendency
that in the case where t-DFEC or ¢-DFEC was included, the
discharge capacity retention ratio was higher than that in the
case where FEC was included. Moreover, in Examples 16-7
and 16-8 in which the solvent included PC, a discharge capac-
ity retention ratio equal to that in Examples 16-1 and 16-2 in
which PC was not included was obtained, and even if PC was
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included, a decline in the discharge capacity retention ratio
was not shown. In Examples 16-1 and 16-2 in which the
solvent included the compound represented by Chemical For-
mula 50(7), the discharge capacity retention ratio was higher
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Comparative Example 17

A secondary battery was formed by the same steps as those

than that in Comparative Examples 16-1 and 16-2 in which s 10 Example 17-1, except that the compound represented by

the compound represented by Chemical Formula 50(7) was
not included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, when the solvent included the
cyclic carbonate including an unsaturated bond, the cyclic

Chemical Formula 50(7) was not added.

When the cycle characteristics of the secondary batteries of
Examples 17-1 and 17-2 and Comparative Example 17 were
determined, results shown in Table 17 were obtained.

TABLE 17

Anode active material: artificial graphite

DISCHARGE
SOLVENT CAPACITY
SULFONE RETENTION
COMPOUND RATIO
ELECTROLYTE SALT KIND KIND WT % (%)
EXAMPLE 15-2 LiPFg EC + CHEMICAL 1 87
1 mol/kg DEC FORMULA 50(7)
EXAMPLE 17-1 LiPFq LIBF, 89
0.9 mol/kg 0.1 mol/kg
EXAMPLE 17-2 LiPFq CHEMICAL 88
0.9 mol/kg FORMULA 27(6)
0.1 mol/kg
COMPARATIVE LiPFq LIBF, EC + — — 84
EXAMPLE 17 0.9 mol/kg 0.1 mol/kg DEC
35

carbonate represented by Chemical Formula 21 which
included a halogen, a sultone or an acid anhydride, the cycle
characteristics were further improved, and when the solvent
included propylene carbonate, the cycle characteristics were
improved. In particular, it was confirmed that in the case
where the cyclic carbonate represented by Chemical Formula
21 which included a halogen was used, the more the number
of’halogens increased, the more the cycle characteristics were
improved.

The result in the case where the solvent includes the chain
carbonate represented by Chemical Formula 20 which
includes a halogen is not shown here. However, the chain
carbonate including a halogen has the same functions as the
cyclic carbonate including a halogen, so it is obvious that
even in the case where the chain carbonate including a halo-
gen is included, the same effects are obtained. The same holds
for the case where the chain carbonate including a halogen
and the cyclic carbonate including a halogen are mixed, or the
case where two or more kinds of the chain carbonates and two
or more kinds of the cyclic carbonates are mixed.

Examples 17-1 and 17-2

Secondary batteries were formed by the same steps as
those in Example 15-2, except that as the electrolyte salt,
lithium tetrafluoroborate (Example 17-1) or the compound
represented by Chemical Formula 27(6) as the compound
represented by Chemical Formula 24 (Example 17-2) was
added. At that time, the concentration of lithium hexafluoro-
phosphate in the electrolytic solution was 0.9 mol/kg, and the
concentration of lithium tetrafluoroborate or the like was 0.1
mol/kg.
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As shown in Table 17, in Examples 17-1 and 17-2 in which
the electrolyte salt included lithium tetrafluoroborate or the
like, the discharge capacity retention ratio was higher than
that in Example 15-2 in which lithium tetrafluoroborate or the
like was not included. In Example 17-1 in which the solvent
included the compound represented by Chemical Formula
50(7), the discharge capacity retention ratio was higher than
that in Comparative Example 17 in which the compound
represented by Chemical Formula 50(7) was not included.

It was confirmed that in the secondary battery according to
the embodiment, when the electrolyte salt included lithium
tetrafluoroborate or the compound represented by Chemical
Formula 24, the cycle characteristics were further improved.

The result in the case where the electrolyte salt includes at
least one kind selected from the group consisting of lithium
perchlorate and lithium hexafluoroarsenate, at least one kind
selected from the group consisting of the compounds repre-
sented by Chemical Formulas 25 and 26, or at least one kind
selected from the group consisting of the compounds repre-
sented by Chemical Formulas 30 to 32 is not shown here.
However, lithium perchlorate or the like has the same func-
tions as lithium tetrafluoroborate or the like, so it is obvious
that even in the case where lithium perchlorate or the like is
included, the same effects are obtained. The same holds for
the case where two or more kinds of the above-described
electrolyte salts are mixed.

Examples 18-1 to 18-7

Secondary batteries were formed by the same steps as
those in Examples 15-1 to 15-7, except that as the anode
active material, instead of artificial graphite, silicon was used
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to form the anode active material layer 34B. In the case where
the anode active material layer 34B was formed, silicon was
deposited on the anode current collector 34A by an electron
beam evaporation method.

Comparative Examples 18-1 to 18-4

80

Therefore, it was confirmed that in the secondary
battery according to the embodiment, in the case where the
anode 34 included silicon as the anode active material, when
the solvent of the electrolytic solution included the sulfone
compound represented by Chemical Formula 49, as in the
case where artificial graphite was included, the cycle charac-
teristics were improved. It was confirmed that in this case,
when the content of the sulfone compound represented by

Secondary batteries were formed by the same steps as 10
those in Comparative Examples 15-1 to 15-4, except that as in Chemical Formula 49 in the solvent was 0.01 wt % to 5 wt %
the case of Examples 18-1 to 18-7, silicon was used to form both inclusive, superior characteristics were obtained, and
the anode active material layer 22B. when the content was within a range from 1 wt % to 5 wt %
When the cycle characteristics of the secondary batteries of both inclusi fically withi from 2 wi %
Examples 18-1 to 18-7 and Comparative Examples 18-1 to 15 bothnelusive, more spectiically within a range lrom = wt 7o
184 were determined, results shown in Table 18 were to 5 wt % both inclusive, the characteristics were further
obtained. improved.
TABLE 18
Anode active material: silicon
DISCHARGE
SOLVENT CAPACITY
ELECTROLYTE SULFONE COMPOUND ~ RETENTION
SALT KIND  KIND WT %  RATIO (%)
EXAMPLE 18-1 LiPF EC + DEC CHEMICAL 0.01 45
EXAMPLE 18-2 1 mol/kg FORMULA 50(7) 1 48
EXAMPLE 18-3 2 55
EXAMPLE 18-4 5 62
EXAMPLE 18-5 CHEMICAL 1 58
FORMULA 50(1)
EXAMPLE 18-6 CHEMICAL 1 54
FORMULA 51(6)
EXAMPLE 18-7 CHEMICAL 1 55
FORMULA 52(1)
COMPARATIVE LiPF EC +DEC — — 40
EXAMPLE 18-1 1 mol/kg
COMPARATIVE CHEMICAL 1 38
EXAMPLE 18-2 FORMULA 53
COMPARATIVE CHEMICAL 1 36
EXAMPLE 18-3 FORMULA 54
COMPARATIVE CHEMICAL 1 39
EXAMPLE 18-4 FORMULA 55
As shown in Table 18, in the case where silicon was used as Examples 19-1 to 19-8
the anode active material, substantially the same results as
those in Table 15 were obtained. In other words, in Examples Secondary batteries were formed by the same steps as
18-1 to 18-7 in which the solvent included the sulfone com- . those in Examples 16-1 to 16-8, except that as in the case of
pound represented by Chemical Formula 49 (the compound Examples 18-1 to 18-7, silicon was used to form the anode
represented by Chemical Formula 50(7) or the like), the dis- active material layer 34B.
charge capacity retention ratio was higher than that in Com-
parative Examples 18-1to 18-4. In this case, in the case where Comparative Examples 19-1 and 19-2
the content of the compound represented by Chemical For-
mula 50(7) in the solvent was within a range from 0.01 wt % ©°  Secondary batteries were formed by the same steps as
to 5 wt % both inclusive, a high discharge capacity retention those in Comparative Examples 16-1 and 16-2, except that as
ratio was obtained. Moreover, in the case where the sulfone in the case of Examples 18-1 to 18-7, silicon was used to form
compound represented by Chemical Formula 49 (the com- the anode active material layer 34B.
pound represented by Chemical Formula 50(7) or the like) When the cycle characteristics of the secondary batteries of
was included, the discharge capacity retention ratio was 65 Examples 19-1 to 19-8 and Comparative Examples 19-1 and

higher than that in the case where other sulfone compounds
represented by Chemical Formulas 53 to 55.

19-2 were determined, results shown in Table 19 were
obtained.
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TABLE 19

Anode active material: silicon

DISCHARGE
SOLVENT CAPACITY
ELECTROLYTE SULFONE COMPOUND  RETENTION
SALT KIND KIND WT % RATIO (%)
EXAMPLE 18-2 LiPF¢ EC + DEC CHEMICAL 1 48
EXAMPLE 19-1 1 mol/kg EC+ VC  FORMULA 50(7) 78
EXAMPLE 19-2 DEC FEC 74
EXAMPLE 19-3 t-DFEC 82
EXAMPLE 19-4 ¢-DFEC 82
EXAMPLE 19-5 PRS 62
EXAMPLE 19-6 SBAH 64
EXAMPLE 19-7 EC+ FEC 75
EXAMPLE 19-8 DEC + t-DFEC 83
PC
COMPARATIVE LiPFg EC+ vC — — 68
EXAMPLE 19-1 1 mol/kg DEC
COMPARATIVE FEC 60

82

EXAMPLE 19-2

As shown in Table 19, in the case where silicon was used as
the anode active material, the same results as those in Table 16
were obtained. In other words, in Examples 19-1 to 19-8 in
which the solvent included VC or the like, the discharge
capacity retention ratio was higher than that in Examples 18-2
in which VC or the like was not included. In this case, in the
case where t-DFEC or ¢c-DFEC was included, the discharge
capacity retention ratio was higher than that in the case where
FEC was included, and in the case where PC was included, a
high discharge capacity retention ratio was obtained. In
Examples 19-1 and 19-2 in which the solvent included the
compound represented by Chemical Formula 50(7), the dis-
charge capacity retention ratio was higher than that in Com-
parative Examples 19-1 and 19-2 in which the compound
represented by Chemical Formula 50(7) was not included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, when the solvent included the
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Examples 20-1 and 20-2

Secondary batteries were formed by the same steps as
those in Examples 17-1 and 17-2, except that as in the case of
Examples 18-1 to 18-7, silicon was used to form the anode
active material layer 34B.

Comparative Example 20

A secondary battery was formed by the same steps as those
in Comparative Example 17, except that as in the case of
Examples 18-1 to 18-7, silicon was used to form the anode
active material layer 34B.

When the cycle characteristics of the secondary battery of
Examples 20-1 and 20-2 and Comparative Example 20 were
determined, results shown in Table 20 were obtained.

TABLE 20

Anode active material: silicon

DISCHARGE
CAPACITY
SOLVENT RETENTION
SULFONE COMPOUND RATIO
ELECTROLYTE SALT KIND KIND WT % (%)
EXAMPLE 18-2 LiPFg EC + CHEMICAL 1 48
1 mol/kg DEC FORMULA 50(7)
EXAMPLE 20-1 LiPFq LIBF, 63
0.9 mol/kg 0.1 mol/kg
EXAMPLE 20-2 LiPFg CHEMICAL 62
0.9 mol/kg FORMULA 27(6)
0.1 mol/kg
COMPARATIVE LiPFg LIBF, EC + — — 53
EXAMPLE 20 0.9 mol/kg 0.1 mol/kg DEC
60

cyclic carbonate including an unsaturated bond, the cyclic
carbonate represented by Chemical Formula 21 which
included a halogen, the sultone or the acid anhydride, the
cycle characteristics were further improved, or when the sol-
vent included propylene carbonate, the cycle characteristics
were improved.

65

As shown in Table 20, in the case where silicon was used as
the anode active material, the same results as those in Table 17
were obtained. In other words, in Examples 20-1 and 20-2 in
which the electrolyte salt included lithium tetrafluoroborate
or the like, the discharge capacity retention ratio was higher
than that in Example 18-2 in which lithium tetrafluoroborate
or the like was not included. In Example 20-1 in which the
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solvent included the compound represented by Chemical For-
mula 50(7), the discharge capacity retention ratio was higher
than that in Comparative Example 20 in which the compound
represented by Chemical Formula 50(7) was not included.

Therefore, it was confirmed that in the secondary battery
according to the embodiment, when the electrolyte salt
included lithium tetrafluoroborate or the compound repre-
sented by Chemical Formula 24, the cycle characteristics
were further improved.

It was confirmed from the above-described results shown
in Tables 15 to 20 that in the secondary battery according to
the embodiment, when the solvent of the electrolytic solution
included the sulfone compound represented by Chemical
Formula 49, irrespective of the kind of the anode active mate-
rial or the composition of the solvent, the cycle characteristics
were improved. It was confirmed that in this case, in the case
where silicon was used as the anode active material, the rate
of'increase of the discharge capacity retention ratio was larger
than that in the case where the carbon material was used as the
anode active material, so a higher effect was obtained in the
case where silicon was used. It was considered that the result
was obtained, because when silicon which was advantageous
to increase the capacity was used as the anode active material,
compared to the case where the carbon material was used, the
electrolytic solution was easily decomposed, so the decom-
position inhibition effect of the electrolytic solution was
exerted pronouncedly.

Although several embodiments and examples have been
described, the embodiments and the examples may be vari-
ously modified. For example, the application of the electro-
Iytic solution of the present application is not limited to bat-
teries, and the electrolytic solution may be applied to any
other electrochemical devices in addition to the batteries. As
the other application, for example, a capacitor or the like is
cited.

Moreover, in the above-described embodiments and the
above-described examples, the case where the electrolytic
solution or the gel electrolyte in which the polymer com-
pound holds the electrolytic solution is used as the electrolyte
of the battery of the present application is described. How-
ever, any other kind of electrolyte may be used. Examples of
the electrolyte include a mixture of an ion-conducting inor-
ganic compound such as ion-conducting ceramic, ion-con-
ducting glass or ionic crystal and an electrolytic solution, a
mixture of another inorganic compound and an electrolytic
solution, a mixture of the inorganic compound and a gel
electrolyte, and the like.

Moreover, in the above-described embodiments and the
above-described examples, as the battery, a lithium-ion sec-
ondary battery in which the capacity of the anode is repre-
sented on the basis of insertion and extraction of lithium, and
alithium metal secondary battery in which the capacity of the
anode is represented on the basis of precipitation and disso-
Iution of lithium are described. However, the present appli-
cation is not necessarily limited to them. The battery of the
present application is applicable to a secondary battery in
which the charge capacity of an anode material capable of
inserting and extracting lithium is smaller than the charge
capacity of a cathode, thereby the capacity of the anode
includes a capacity based on insertion and extraction of
lithium and a capacity based on precipitation and dissolution
of lithium, and is represented by the sum of them in the same
manner.

In the above-described embodiments and the above-de-
scribed examples, the case where lithium is used as an elec-
trode reactant is described. However, any other Group 1A
element in the short form of the periodic table of the elements
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such as sodium (Na) or potassium (K), a Group 2A element in
the short form of the periodic table of the elements such as
magnesium or calcium (Ca), or any other light metal such as
aluminum may be used. Also in this case, as the anode active
material, the anode material described in the above-described
embodiments may be used.

Further, in the above-described embodiments and the
above-described examples, the case where the battery has a
cylindrical type and a laminate film type and the case where a
battery device has a spirally wound configuration are
described as examples. However, the battery of the present
application is applicable to the case where a battery has any
other shape such as a prismatic type, a coin type or a button
type or the case where the battery device has any other con-
figuration such as a laminate configuration in the same man-
ner. Moreover, the present application is applicable to not
only the secondary batteries but also other kinds of batteries
such as primary batteries.

In the above-described embodiments and the above-de-
scribed examples, an appropriate range, which is derived
from the results of the examples, of the content of the com-
pounds represented by Chemical formula 11 in the electro-
Iytic solution or the battery is described. However, the
description does not exclude the possibility that the content is
out of the above-described range. More specifically, the
above-described appropriate range is a specifically preferable
range to obtain the effects, and as long as the effects of the
present application are obtained, the content may be deviated
from the above-described range to some extent. The same
holds for the sulfone compound represented by Chemical
Formula 35 or Chemical Formula 49.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention claimed is:
1. A secondary battery comprising a cathode, an anode and
an electrolytic solution,

wherein the electrolytic solution includes a solvent includ-
ing a sulfone compound selected from the group con-
sisting of compounds represented by Chemical Formu-
lae 41(1) to 41(8) and a cyclic carbonate selected from
the group consisting of 4-fluoro-1,3-dioxolan-2-one,
trans-4,5-difluoro-1,3-dioxolan-2-one and cis-4,5-dif-
luoro-1,3-dioxolan-2-one:

Chemical Formula 41
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wherein a content of the sulfone compound in the solvent is
within a range from 1 wt % to 10 wt % both inclusive,
wherein the anode includes an anode active material
including at least silicon, and

wherein a content of the cyclic carbonate ranges from 1 wt
% to 5 wt %.

2. A secondary battery comprising:
a cathode;

an anode;

an electrolytic solution; and

an electrolyte salt including at least one kind selected from
the group consisting of compounds represented by
Chemical Formulas 46, 47 and 48:

Chemical Formula 46

m3-

/ X314

M31—R31,;

a3 &3

where X31 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the
elements, or aluminum, M31 represents a transition
metal, or a Group 3B element, a Group 4B element or a
Group 5B element in the short form of the periodic table
of the elements, R31 represents a halogen group, Y31
represents —OC—R32-CO—, —OC—CR33,- or
—OC—CO—, in which R32 represents an alkylene
group, a halogenated alkylene group, an arylene group
or a halogenated arylene group, and R33 represents an
alkyl group, a halogenated alkyl group, an aryl group or
a halogenated aryl group, and a3 is an integer of 1 to 4
both inclusive, and b3 is 0 or an integer of 2 or 4, and ¢3,
d3, m3 and n3 each are an integer of 1 to 3 both inclusive,
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Chemical Formula 47

[e) mé4-
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where X41 represents a Group 1A element or a Group 2A

element in the short form of the periodic table of the
elements, M41 represents a transition metal, or a Group
3B element, a Group 4B element or a Group 5B element
in the short form of the periodic table of the elements,
Y41 represents —OC—(CR41,),,-CO—, R43,C—
(CR42,)_,-CO—, R43,C—(CR42,),,-CR43,-,
—R43,C—(CR42,)_,-SO,—,  —0,S—(CR42,) .-
SO,—or —OC—(CR42,) ,4,-SO,—, in which R41 and
R43 each represent a hydrogen group, an alkyl group, a
halogen group or a halogenated alkyl group and at least
one of them is a halogen group or a halogenated alkyl
group, and R42 represents a hydrogen group, an alkyl
group, ahalogen group or a halogenated alkyl group, and
a4, e4 and n4 each are an integer of 1 or 2, b4 and d4 each
are an integer of 1 to 4 both inclusive, ¢4 is O or an integer
of 1to 4 both inclusive, and 4 and m4 each are an integer
of 1 to 3 both inclusive,

Chemical Formula 48

m5-

0
Rch\ \
M51 Y51 X51g5"
Fos” /
b5 O

a5 5

where X51 represents a Group 1A element or a Group 2A

element in the short form of the periodic table of the
elements, M51 represents a transition metal, or a Group
3B element, a Group 4B element or a Group 5B element
in the short form of the periodic table of the elements, Rf
represents a fluorinated alkyl group having 1 to 10 car-
bon atoms or a fluorinated aryl group having 1 to 10
carbon atoms, Y51 represents —OC—(CR51,) -
CO—, —R52,C—CR51,),5-CO—, —R52,C—
(CR51,),45-CR52,-, —R52,C—(CR51,),5-SO,—,
—O0,8—(CR51 ,).5-SO,— or —OC—(CR51,),5-
SO,—, in which R51 represents a hydrogen group, an
alkyl group, a halogen group or a halogenated alkyl
group, and R52 represents a hydrogen group, an alkyl
group, a halogen group or a halogenated alkyl group and
at least one of them is a halogen group or a halogenated
alkyl group, and a5, {5 and n5 each are an integer of 1 or
2, b5, ¢5 and e5 each are an integer of 1 to 4 both
inclusive, d5 is O or an integer of 1 to 4 both inclusive,
and g5 and m5 each are an integer of 1 to 3 both inclu-
sive,

wherein the electrolytic solution includes a solvent includ-

ing a sulfone compound selected from the group con-
sisting of compounds represented by Chemical Formu-
lae 41(1) to 41(8) and a cyclic carbonate selected from
the group consisting of 4-fluoro-1,3-dioxolan-2-one,
trans-4,5-difluoro-1,3-dioxolan-2-one and cis-4,5-dif-
luoro-1,3-dioxolan-2-one:
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Chemical Formula 41
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wherein a content of the sulfone compound in the solvent is
within a range from 1 wt % to 10 wt % both inclusive,
wherein the anode includes an anode active material
including at least silicon, and

wherein a content of the cyclic carbonate ranges from 1 wt
% to 5 wt %.

3. The secondary battery according to claim 2, wherein the
compound represented by Chemical Formula 46 is at least
one kind selected from the group consisting of compounds
represented by Chemical Formula 49, the compound repre-
sented by Chemical Formula 47 is at least one kind selected
from the group consisting of compounds represented by
Chemical Formula 50, and the compound represented by
Chemical Formula 48 is a compound represented by Chemi-
cal Formula 51:

Chemical Formula 49
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4. The secondary battery according to claim 1, wherein the
sulfone compound is selected from the group consisting of
Chemical Formula 19(2), Chemical Formula 19(4) and
Chemical Formula 19(5):

2
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5. The secondary battery according to claim 1, wherein the
cyclic carbonate is selected from the group consisting of
trans-4,5-difluoro-1,3-dioxolan-2-one and cis-4,5-difluoro-
1,3-dioxolan-2-one.

6. The secondary battery according to claim 1, wherein the
solvent includes at least one of a sultone and an acid anhy-
dride.

7. The secondary battery according to claim 1, wherein the
electrolytic solution comprises an electrolyte salt including at
least one kind selected from the group consisting of: LiPF,
LiBF,, LiC10, and LiAsF,.

8. The secondary battery according to claim 1, wherein the
electrolytic solution comprises an electrolyte salt including at
least one kind selected from the group consisting of com-
pounds represented by Chemical Formulas 46, 47 and 48:

Chemical Formula 46

m3-
O

e
N

Oa3

X3 1d3n3+

Y31 M31—R3143

c3

where X31 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the
elements, or aluminum, M31 represents a transition
metal, or a Group 3B element, a Group 4B element or a
Group 5B element in the short form of the periodic table
of the elements, R31 represents a halogen group, Y31
represents —OC—R32-CO—, —OC—CR33,- or
—OC—CO—, in which R32 represents an alkylene
group, a halogenated alkylene group, an arylene group
or a halogenated arylene group, and R33 represents an
alkyl group, a halogenated alkyl group, an aryl group or
a halogenated aryl group, and a3 is an integer of 1 to 4
both inclusive, and b3 is 0 or an integer of 2 or 4, and c3,
d3, m3 and n3 each are an integer of 1 to 3 both inclusive,

Chemical Formula 47
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where X41 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the
elements, M41 represents a transition metal, or a Group
3B element, a Group 4B element or a Group 5B element
in the short form of the periodic table of the elements,
Y41 represents —OC—(CR41 ,),,-CO—, —R43,C—
(CR42,)_,-CO—, —R43,C—(CR42,)_,-CR43 -,
—R43,C—(CR42,)_,-SO,—, —O,5—(CR42,) -
SO,— or —OC—(CR42,),,,-SO,—, in which R41 and
R43 each represent a hydrogen group, an alkyl group, a
halogen group or a halogenated alkyl group and at least
one of them is a halogen group or a halogenated alkyl
group, and R42 represents a hydrogen group, an alkyl
group, ahalogen group or a halogenated alkyl group, and
a4, e4 and n4 each are an integer of 1 or 2, b4 and d4 each
are an integer of 1 to 4 both inclusive, ¢4 is O or an integer
of 1to 4 both inclusive, and 4 and m4 each are an integer
of 1 to 3 both inclusive,
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where X51 represents a Group 1A element or a Group 2A
element in the short form of the periodic table of the
elements, M51 represents a transition metal, or a Group
3B element, a Group 4B element or a Group 5B element
in the short form of the periodic table of the elements, Rf
represents a fluorinated alkyl group having 1 to 10 car-
bon atoms or a fluorinated aryl group having 1 to 10
carbon atoms, Y51 represents —OC—(CR51,) -
CO—, —R52,C—(CRS51,),s-CO—, —R52,C—
(CR51,)45-CR52,-, —R52,C—(CR51,),45-SO,—,
—0,S—(CR51,),5-SO,— or —OC—(CR51,),5-
SO,—, in which R51 represents a hydrogen group, an
alkyl group, a halogen group or a halogenated alkyl
group, and R52 represents a hydrogen group, an alkyl
group, a halogen group or a halogenated alkyl group and
at least one of them is a halogen group or a halogenated
alkyl group, and a5, {5 and n5 each are an integer of 1 or
2, b5, ¢5 and e5 each are an integer of 1 to 4 both
inclusive, d5 is O or an integer of 1 to 4 both inclusive,
and g5 and m5 each are an integer of 1 to 3 both inclu-
sive.

9. The secondary battery according to claim 8, wherein the
compound represented by Chemical Formula 46 is at least
one kind selected from the group consisting of compounds
represented by Chemical Formula 49, the compound repre-
sented by Chemical Formula 47 is at least one kind selected
from the group consisting of compounds represented by
Chemical Formula 50, and the compound represented by
Chemical Formula 48 is a compound represented by Chemi-
cal Formula 51:

Chemical Formula 49
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10. The secondary battery according to claim 1, wherein
the electrolytic solution comprises an electrolyte salt includ- 20
ing at least one kind selected from the group consisting of
compounds represented by Chemical Formulas 52, 53 and 54:

LiN(C,F2, 802)(C,F 2,1.1502)

Chemical Formula 52

where m and n each are an integer of 1 or more,

94

Chemical Formula 53

Chemical Formula 53
o 0
\V
S
VAR
R61 N-
\ S/
VAN
o O

Li*

where R61 represents a straight-chain or branched perfiuo-
roalkylene group having 2 to 4 carbon atom,

LiC(C,F5,,1SPo)(C Fopy 1SO5)(CF>,, 18O)  Chemical Formula 54

where p, q and r each are an integer of 1 or more.

11. The secondary battery according to claim 1, wherein:

the anode includes an anode active material layer on an
anode current collector, and

the anode active material layer is formed by at least one
kind of method selected from the group consisting of a
vapor-phase method, a liquid-phase method and a firing
method.



